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“Under the cover of night, the qye-qye 
moves along branches in the forest In 
search of its prey beneath the bark...” 


Freaks of nature, page 28 
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Production Editor 
For all our 
discoveries, there is 
still a phenomenal 
amount we don’t 
know about space. 
Head to page 72 to 
discover some of the 
theories surrounding 
the many mysteries 
of the cosmos. 
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Jack 
Senior 
Staff Writer 
| was left stunned by 
the amazing machines 
that originated from 
the mind of Leonardo 
da Vinci. Get to know 
the Renaissance 
genius and his many 
clever contraptions on 
page 40. 





James 
Research Editor 
Today’s artificial 
intelligences can 
achieve things experts 
declared impossible 


just a few decades ago. 


Find out how these 

machines think and 

what it is they’ll be 

considering next on 
page 12. 








Studio Designer 
Turn to page 52 to 
discover the inner 

working of the iconic 

San Francisco cable 

cars. Despite an 
earthquake and a 
proposal to shut the 
system down, these 
famous cars have kept 
running since 1873! 


Is there really a 
superhero hidden in all 
of us? Could we all 
have superpowers? 
Find out how genetic 
anomalies have given 


incredible abilities on 





It’s not surprising why so 
many of us are wary of the 
development oftruly artificial 
intelligence systems. Decades 
of science fiction books and 
| films have warned us about 
what could happen if intelligent machines one 
day decide that they don’t fancy sharing the 
planet with their human creators any more... 

While these dystopian futures make for great 
entertainment, itis unlikely they will become 
reality. Artificial intelligence technology is still in 
its infancy, but even at this early stage, experts are 
pressing for AI to be closely monitored and 
regulated. Properly used, this technology has 
incredible potential to change the way we live 
and work. Find out how this will happen in our 
tech feature on page 12. 

Also this month, take a trip onthe San 
Francisco cable cars to uncover how these unique 
transports work, find out if you've got the 
supertaster gene, and discover some of the world’s 
weirdest plants and animals. Enjoy the issue! 
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Deputy Editor 
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Inside the city’s iconic | 
transport system ( 


Rise of the machines 52 
How are artificial intelligence and 
robotics changing the world? 


20 Smart power strips 
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20 Electrical muscle | 
Formula E engineer 


stimulation 

22 Nintendo Switch 58 Superchargers versus 
teardown turbochargers 

24 Heroes of... Bill Gates 59 Tipper trucks 
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0 Your secret 


superpowers 
Find out how genetic mutations 
can lead to extraordinary abilities 


26 4D cinemas 





28 Freaks of nature 
Discover some weird and 
wonderful adaptations of the 
natural world 


34 Howis olive oil made? 66 Incense 

36 Bed bugs 66 Fresh bread chemistry 

36 How winds create 6/7 60second science: 
ocean waves Newton's laws of 

37 Animal tracks motion 
What is a 68 Cosmetic chemistry 
weatherbomb? 70 What makes you sick? 


How perms work 


Onin 71 Wound healing 


40 Da Vinci's marvellous 
machines 
The inventions and creative = 
designs of a Renaissance man 7/2 Cosmic mysteries 
How are we searching for 
answers to the universe’s 
unexplained phenomena? 








46 Shakespeare stats 
47 Roman mining in Britain 








48 Star forts Spot the ISS 
Lombe silk mill (8 What went wrong on 
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Meet the experts... 


4 * Joanna Stass Ella Carter 


3 From bug-eyed lemurs 
~~} with spindly fingers to 


Laura Mears 
This month, Laura 
explains how variations 


This month, Jo takes a 





= | ride through the streets 
Wy , of San Francisco on the and mutations in our a giant flower that 
\ city’s unique cable car genetic code can lead reeks of rotting flesh, 


r Ella explains the 
BOSpeEatOne of some of the world’s 
strangest organisms in our 
environment feature. 





to some surprising 
abilities. She also gives us a quick 
guide to Newton’s Laws of Motion in 
60 second science. 


ft system. She also 
explains olive oil production and the 
chemistry behind the irresistible 
aroma of freshly baked bread. 
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Stephen 
Ashby 
This issue, Steve 
teaches us how to 
build a water filter 

“ with some household 
items, ee how to make a dancing 
snake with just some paper, a pen 
and a balloon. 


Jonny 
O°Callaghan 
Tackling some of the 
great unknowns of 
space science this 
month, Jonny explains 
how we hope to find the answers to 
some of the biggest questions, such 
as: are we living in a hologram? 
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The visible plumes of ice and gas erupt, 
iceveceval lave ateiie]aleome) me] qelel ale mm hele) 
kilometres above Enceladus’ surface 








Enceladus could 
have the right 














ingredients for life 


The presence of hydrogen gas detected inside the 
Saturnian moon suggests it could be habitable 























- In an announcement in April, NASA 
wil revealed that Enceladus, an icy moon 
== thatorbits Saturn, contains hydrogen 
gas, which could provide a chemical energy 
source for alien life. 

The hydrogen is produced by hydrothermal 
activity in the moon’s subterranean oceans and 
erupts from the surface in icy plumes. Its 
presence was first detected by NASA’s Cassini 
probe in 2015 when it took a dive through the icy 
spray and collected a sample. The probe’s Ion and 
Neutral Mass Spectrometer analysed the sample, 
and the recently published results indicate that it 
is 98 per cent water, with the other two per cent 
comprised of hydrogen, carbon dioxide, methane 
and other molecules. 

The hydrothermal activity is similar to that 
which has been observed at vents on Earth's 
ocean floors, which help sustain the microbes 
that live there. The hydrogen is converted into 
metabolic energy by breaking the bonds 
between the two atoms within the molecule and 
(oo) enleybavecreMimiisimemebtcicre)\t(creme-vaeleemene.elelsmbensels 
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Europa has streaks on its 
surface, which are 

fo fo)nar-lialsmexe) any elessiz1e me) msy-] 11 

Tale MV 12) amore) 


water. The chemical reaction is called 
methanogenesis and it is believed that this 
process may have been key to the beginning of 
life on Earth. The environment on Enceladus may 
still be too sterile for living organisms, but there 
is definitely scope in the future to send more 
missions to the icy moon to look for further 
evidence of life. 
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Enceladus is only 505 kilometres in diameter - that’s 
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In the air, the flying car has a 
range of around 7OOkm, with a 
top speed of 360km/h 


AEROMOBIL REVEAL THEIR 
NEW FLYING CAR 


The hybrid vehicle will be able to change seamlessly between driving and flight modes 


According to a recent survey, two-thirds 
of American adults would like to take to 
A the skies in a flying car. This dream may 
wellsoon become a reality thanks to Slovakian 
company AeroMobil's latest vehicle, which was 
unveiled at the Top Marques car showin Monaco 
in April this year. 
The AeroMobil is constructed from a carbon 
composite, used in top-of-the-range aircraft and 






The wings spread out from the 
body of the car when changing 
from drive to flight mode 


sports cars, making it both lightweight and 
durable. Safety was a huge priority when 
AeroMobil were designing the flying car, and it is 
built to be aerodynamically stable and is able to 
deploy ballistic parachutes to bring it safely back 
to ground in the event of an accident. The 
cockpit’s monocoque structure absorbs impacts 
to protect the pilot in the event of an accident, 
and the material on the wings has been pre- 





ABE mob cop 


== > — 


impregnated with a catalysed resin to make 
them stronger. 

The change between driving and flight modes 
takes just three minutes, and it’s hoped the flying 
car can help reduce congestion by providing 
drivers with the choice of using the skies as an 
alternative highway. Costing up to an estimated 
$1.2 million, pre-orders are currently being 
taken, with delivery scheduled for 2020. 


When driving, the car can reach a top 
speed of 160km/h. For take off, it must 
travel at a minimum speed of 130km/h 
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NEWS BY 
NUIVIBERS 


The proposed speed of 
Facebook’s new ‘silent 
speech’ software 


Number of flybys the Cassini 
probe made of Saturn before 
starting its Grand Finale 


Public holidays in Sri Lanka every 
year, the highest of any country 


Height of the tallest ever maypole, 


which stood on the Strand in 
London in the 18th century 





Rare 





shipworm 










Delivery 
robots in 
London 


Atrial will test if seltdriving 
robots can deliver purchases 


The future of online shopping 
may be going robotic. Parcel 
delivery company Hermes is 
currently testing the capabilities of 
autonomous delivery robots ina 
London-based trial. The robots will be 
trialled in 30-minute collection slots 
and, if successful, will give companies 
like Hermes improved scheduling and 
tracking systems. A control centre 
monitors the robots’ progress, and 
even though they are self-driving, a 
human can choose to take over in 
tricky situations, such as at 
pedestrian crossings. This trial 
follows on froma pilot scheme in 
Hamburg, Germany, which had three 
such robots deployed in August 2016. 








The giant shipworm feeds on rotting wood 
and lives its life buried in mud 





species found 


Apreviously unstudied animal has been 
located by scientists in the Philippines 


The autonomous robots are an alternative to 
drone delivery, which is often restricted by 


strict aviation laws in urban areas 
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Marches took place in 
Washington DC (pictured), 
London, Edinburgh, Vienna, 
Geneva and more 
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MARCA FOR °SCIEN ICE 


March for Science 
rallies hit the streets 


Protestors around the world gather together 
in defence of scientific research 





In April, huge crowds gathered to protest against 


Buty 
wey political intrusion into scientific research. 
Coinciding with Earth Day, the inaugural March 


for Science was called to address an alleged trend in the 


Scientists have recently been 





giant shipworm, for the first 
time. The extremely rare creature can 


reach lengths of up to 1.6 metres and lives 


submerged deep in marine sediment. 
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(S, }) able to study arare species, the 


Despite its name, it isn’t a worm - it’s 
actually the longest known bivalve, a 
group that also includes molluscs and 
oysters. Scientists have known of its 
existence since the18th century, but this 
is the first live specimen ever found. 


world’s politicians discrediting scientific fact, while also 
encouraging scientists to more closely communicate their 
discoveries with the public. Thousands turned out for the 
events in a bid to stop what they believed to be political 


attacks on facts, especially with regards to climate change 
and the environment. 
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Chicago set to be 100 
per cent powered by 
renewable electricity 


The mayor of Chicago has announced that by 2025, 
all of the city’s public buildings will be powered by 
renewable energy. This will be provided by wind 
and solar power and it would make the Windy City 
the biggest city in the US to have all of its public 
buildings powered this way. 


| Salty diets make you 

. feel hungry, not thirsty 
* It’s long been believed that salty food makes us thirsty, but a 
new study has shown otherwise. It was previously thought that 
the sodium and chloride ions in salt latched onto water and 
carried the molecules into urine. Instead, it’s been hypothesised 
that the body’s waste product, urea, prevents water from 


attaching to the salt. Producing urea is an energy-sapping 
process, explaining why a salty diet can make you feel hungrier. 
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New satellite 
networks could 
create significant 
space junk 
As manufacturing costs decrease, more and 
more satellites are being launched into orbit 
to provide telecommunications services 
around the globe. The extra satellites could 
form ‘mega-constellations’ and lead to 
an increased risk of collisions, resulting 
in more space junk. Methods to de-orbit 
defunct satellites more quickly are currently 
being devised, and it’s advised that new 


satellites are lightweight and have their own 
propulsion systems. 


Some commuters 
walk a marathon 
every fortnight 


One in nine UK commuters walk the 
equivalent of a marathon every two 
weeks. 3.5 million people spend 40 
minutes a day waking to and from work, 
totalling a distance of almost 4.2 
kilometres. Meanwhile, the typical daily 
commuter spends 28 minutes on foot, 
navigating train and bus stations, walking, 
and clambering up stairs or escalators. 













Medieval 
remedies 

could help fight 

superbugs 


Scientists have turned to history books 

in their fight against superbugs. A new 

database has been set up to compile the 
results as experts scour the past for new 
antibiotics. One example is artemisinin, , >; em, et? a iS ils thy ree | 
an ancient medicine rediscovered in 2015 y Reece Wieneaaae atts, eh, RR i Hi ~<tensemnemaageeee 
that has been proved to help treat malaria. ; i aed : Wa a : Poe 
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Ultrasound halves the time 
taken to tumble-dry clothes 


High-frequency sound waves can reduce the amount of time it takes to dry 
laundry. Rather than heating the washing like in a standard tumble dryer, the 
water is shaken out by ultrasonic waves, generated by transducers. A new 
prototype dried a medium load in just 20 minutes rather than the standard 50 
minutes in conventional machines. It also used up to 70 per cent less energy 
than a standard dryer. 









© University of Manchester; Thinkstock; WIKI; Pixabay 


The laws 
of physics | " 
explain why Early American 
shoelaces hunters built 
come undone reusable, shock- 

When shoelaces unfasten, it’s often absorbing spea rs 


down to physics rather than poor tying 
technique. When a high-speed camera 
was hooked up to a treadmill, it showed 
that the force of a foot hitting the ground 
deformed the knots, which are then 
loosened further by inertia. Researchers 
hope that the study will prove useful for 
considering the impact of dynamic forces 
on other knotted structures, such as DNA. 





13,500 years ago, the Clovis people hunted their prey 
with reusable spear tips that didn’t snap upon impact. 
A small groove was cut into the base of the stone point, 
creating a shock-absorbing tip that crumpled instead of 
splintering. The durability of the Clovis point was put to 
the test using computer models and replicas, and they 
successfully withstood high pressure. 









Phosphorene 
confirmed 
as new wonder 
material 


Just like fellow wonder material graphene, 
phosphorene is an ultra-thin and 
superconducting allotrope. By pumping 
electrons into the layers of material, 
researchers found it to be an incredible 
electrical conductor. Excitingly, there are 
proposals for the material to be used as a 
powerful transistor in the next generation 
of computing. 
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= Songbirds change their 
= tune depending on traffic 


In areas of loud traffic, urban songbirds alter their songs to be 
shorter and in a lower frequency range. The noise of moving 
Cars can obscure a song, preventing it from attracting a mate 
or defending territory. To counteract this, some songbirds alter 
the amplitude, range and length of their tunes so they can be 
more easily heard by potential mates and rivals. 
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DID YOU KNOW? During the Cold War, the US government funded research into AI inan effort to gain an advantage 





or most of us, the words ‘artificial 

intelligence’ (Al) instantly bring an image 

of doom to our minds. After all, we've all 
seen humankind extending its reach beyond its 
grasp before on the silver screen, and the result 
is always the same. All it takes is for one of us to 
create a machine that can truly think - one that 
can achieve sentience and ‘wake up’ - and then 
it’s all over for humanity. What if this clever 
machine doesn't like the way we do things? 
What ifit has other ideas? 

It’s thoughts like this that have given birth to 
many fantastic pieces of science fiction over the 
years, but in spite of what The Terminator may 
depict, AI could have more potential to help us 
dete beMcener-VeseMelcmmsielmee)ercj(ol-vabelcmmer-lmactjel-encrel 
scientists and technology experts such as 
Stephen Hawking and Elon Musk are warning of 
the potential dangers AI could pose, it’s 
understandable if you're still sceptical. 

AKopavUUhyAbbere(-yacjr-belommalce-best-yAneremelec-velat-Uneyl 
Al, we first need to clear up the many 
misconceptions surrounding this exciting field 
of technology. To begin with, we should consider 
how we're able to make machines intelligent, 
and how it is that they think. The term ‘artificial 
intelligence’ was coined in 1956 and has come to 


Meet the artificial brain 


mlOleatslalcm (stele nmol MUdiare maal=m oleyy\(2) me) malclll ec) 
networks, and machines can do the same... 


Sensory 
information 
Our senses are 
constantly 
collecting huge 
amounts of data, 
which require 
processing by 
the brain. 


represent quite a broad spectrum of computer 
capability. The phrase is thrown around often 
by technology companies showcasing their 
latest products, but these ‘intelligences’ are 
incredibly varied in what they're able to achieve. 
For the most part, artificial intelligence has 
become an enticing way to describe a fancy 
computer programme, but some trulyare 
learning computers. The most sophisticated of 
these are currently confined to the stock market, 
the world of scientific research, or battling ever 
more complex games. You may think that 
predicting the net worth of a company, building 
models using genetic code and becoming a 
(ol aFcbaehe)(oyeuex. beets) muVeleulomcr-lelemacrelUebacrs! 
completely different AI, but all three can be 
achieved using the same basic architecture. 
True Al works on the principle of machine 
learning; the various types of which we'll 
explore more in this feature. Computer 
programmes that operate using machine 


learning are markedly different to most other 
programmes, because you don’t need to tell it 
how to do something - instead, you show it. 
Imagine you want a computer programme that 
can find abnormalities from brain scans. Witha 
conventional programme, you'd have to write a 
very strict and detailed set of rules that it can 
use. But with a machine learning programme, 
you'd just show it a few thousand normal brain 
scans and a few thousand abnormal brain scans 
and then let the programme teach itself how to 
recognise anomalies. 

WW obtspaetslelovbalculcr-Deenvarementcumeleconacvar-Ubel\aer-ts 
its advantages over conventional programming, 
as the computer may well become even better 
than the programmer at performing its assigned 
task. And the most exciting part ofall ofthisis 
scientists are working on programmes like these 
right now. 

But the kinds of intelligence able to help usin 
our everyday lives aren’t just for the world of 


‘The term ‘artificial intelligence has 
come to represent quite a broad 
spectrum of computer capability” 
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Neurons communicate with each 
other via chemical signals, which they 
send to each other across synapses. 


Chemical communication 


A chain reaction 

If the chemical input is 
. strong enough the neuron 
will ‘fire’, continuing the 
| signal along the chain. 


Counting the inputs 
Like the firing neuron, a 
node will compute the 
input data and only ‘fire’ if 
the value is high enough. 






Low-level functionality 
Artificial neural networks form 
the basis for many sophisticated 
types of machine learning. 
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Processing power 
Both humans and computers 
have powerful processing 
| equipment for neural networks. 277% 
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Computer 
vision 
Machines 
typically map 
visual information 
onto a grid, which 
makes data 
processing easier. 


: Artificial synapses | 

Artificial neural networks 
communicate by sending 
signals in the form of 
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numerical values. 
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tomorrow. In fact, we're already enjoying the 
benefits of artificial intelligence. From 
Microsoft’s Cortana to the mega services that are 
Google and Facebook, these intelligent 
programmes work behind the scenes to guide us 
through the internet. They learn about our 
interests, our likes and dislikes, and tailor their 
advertisements and recommendations for each 
and every one of us, which is really quite clever. 
And yet, despite all they can do, these are still 
what we would refer to as ‘narrow Al’. This 
means that they’re very good at completing one 
specified task - much better than a human could 
ever be - but they are completely unable to do 
anything else. 

The next step on the artificial intelligence 
journey is to create general-purpose AI. This is 
where things get very exciting, or very scary, 
depending on who you ask. General-purpose 
intelligence would be much closer to human 
level intelligence than the AI systems that exist 
today, as it would be able to learn and solve 
















by themselves? Actually, it’s all three 


THIS IS AN 
ORANGE 


Supervised 
eelaaliare) 

aM al=mexoyanlelein-la 
programme is first : 
shown aset of datathat : 
is used for ‘training’. : 
DYela late mugslialiave mmeals 
re)aete|eclanlaat=Muullmlct-lan 
from the rules it’s given, 
such as: apples are red or 
yreen, and oranges are 
range. Then it puts this 
owledge into practice. 
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AND THIS IS AN 
APPLE 
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amme with a data 
Ulm dalicmalgal-maele) 
tell it what the data 
5. After analysing 
information (such 
ures of animals) 
fogramme willstart i 
ygnise features and : 
patterns in the data. 
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CGRP ERR ETT E ES Ree ET reheeenee CEI Terr ar a Oh no, I lost, I 

: won't do that 
Reinforcement , 
eyTa alia) : 
‘Cforeye) (=m BY=\=)9)\V il are ms CoP PUREE: 
AlphaGo used this 


method to best a Go 
champion. It involves 
1i=)i | [ale mual=m e)aelele-)aalaat= 
what you'd like it to do, 
then letting it act on its 
own. As it progresses 
towards the goal it’s 
oro) c=1em alle] alslemaslinxelaer| are) 
those positive actions. 


| won! Give me 
the reward. I'll do 


that again! 
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How machines learn 


Do they read the rules, practice, or figure it out 
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different problems and tackle different tasks. At 
the moment we're still a long way off achieving 

id abksne pacts beebmelelm ereleyed (om DIcr=y 0) BUALOMBANI eo) erclelopts 
currently the closest we've come. This Al used its 
deep neural network to defeat the world’s 
greatest Go player, Lee Sedol. This was deemed a 
Jabksinoyalopscleyen(svelmceya-Vausil@r-N@beinc)eerxcvelacrcrs 
there are quite literally quintillions of possible 
moves in Go, so it would be impossible to 
programme them allinto a computer. Instead, 
AlphaGo was designed to be intelligent, able to 
play Go against itself many times and learn from 
its mistakes. And after practicing over millions of 
games, it was good enough to go head-to-head 
witha champion, and win. 

AlphaGo has amazing potential. Its creators 
talk excitedly of the programme applying its 
skills to assist medical experts, allowing this Al 
to help save lives, and its diverse way of learning 
could prove the basis for many clever machines. 

With our current technology, this highly 
useful but limited Al is as far as we can go. This is 
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I’ve never 
seen an animal 
before... 
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But some 
are different 
colours... 
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perfect! 
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The Al 
ascendancy 


celanmalelanle)(-me)ale|lamaemuelale| 
rodarslanles(elatyecercidiaremanrsleall arson 
artificial intelligences have 
enjoyed a meteoric rise 


—_—_—_—_—_—— «1936 


British mathematician 
FAV Fam Rela lave mel0)e)[Kavetcwre| 
paper on the ‘Universal 
Machine’, which is now 

Ieexexeye lal isisxemr-lom a ala 
ixelelarer-lu(olane)i 
computer science. 





Alan Turing presents 
the idea of an 
wTanyie-ia(o)amel-lanlcwarele 
oro) gn) ey-lalalemalelaat-lam-lare| 
laareloialiatcmiaine)iite(sjarece 

a Keel \Ani=Mer-] | mualcmual= 
Turing Test. 



























1950 

Science fiction 

writer Isaac Asimov 

publishes /, Robot. 

Faksi(el=muayiswexe) | (Xerute)al 

of short stories 

PANT aave)vaelela|falcsom uals 

Three Laws of 

Robotics, which are 

designed to prevent an 

Vat i a (ert<] Miele) ite (syarers 

dU] aaliale me)aMis>Meg=1-1 00) ee 

This. work helped to 

a =JellgcW-Mel-lal-le-]a(elane) i 

ier ce) ole) 4 (0 1 eer] ale mere) paleluinalg 
scientists in their quest to. 

create Al, 2 
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Despite the positive predictions, — 
Al progress has stalled:_~ 
Government-advisors believe 
that machines will only ever 
reach an ‘experienced amateur’ 
level of chess. 





1981 


Al becomes a valuable - 
commercial tool as ra 
(orolan) ey-]aliosm=yaalelens 
expert computer systems 
for particular tasks. Some 
orolan) ey-]al(ersmot Nem gall iileyars 
fe) mele) | F-lace 
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A neural network called MarI/O was created specifically to beat the tricky levels of Super Mario World 


due to the fact that as we march from general- 
purpose AI towards human level intelligence, 
we'll need more and more powerful computers; 
and we've yet to invent something that can rival 
the processing power of the human brain. 

But we wouldn't be human if we didn't rise to 
the challenge, and scientists are currently 
working on new computers that have the 
potential to be extremely powerful. These are 
known as quantum computers, and they take 
advantage of nature’s ‘spooky’ properties to 
work in amazing ways. The speed at which they 
can make calculations is mind-blowing. 

AWSTOLOLO MN MAKORGOeeley-ace-BaleesetUmaeveelelelicye 
witha quantum computer is to imagine the 


Building a sentence 

With the phonemes arranged, the software 

constructs the sentence. To make the most 

accurate guess it arranges the words like links 

in a chain, and uses statistical analysis to work 
| out the most probable word sequence. 


centre of a maze. When the task is to escape, a 
normal computer will try each path oneata 
time, until it follows the right route and escapes. 
But a quantum computer can search every path 
at the same time. This means it is much quicker 
and much more powerful, and could be the key 
to unlocking an equivalent, or greater, power 
idercbomaelcmeloscet-bemeve-DheMniselcveneerele)(cromyisieen-| 
sophisticated artificial intelligence. We can only 
wonder what awaits us on the outside of the 
oLetcelavecemeoyenlelelabercment-VAcmmuVcmont-hya-(@eblcat(= 
human level intelligence, or perhaps even 
greater. We may even create a super intelligence, 
one that surpasses our own cognitive abilities. 

WM abEsye)coley-lo)hracrolunetetcmoleldem=>.corlanerea- pale 


Assigning meaning 

This is where the learning part comes in. 
Depending on the context, there may be 
more than one way of interpreting the 
sentence. If the programme 
misinterprets your request it will store 
the data so it can learn from its mistakes. 


Drow 


toilet 


in under 20 Seconds 


Artificial 
assistants 


How smart virtual 
assistants use Al to 
make our lives that 

little bit easier 


| Radio waves 
The best virtual 

= assistants are equipped 
with voice recognition 


= software. This uses an 


audio capture device to 
| record the sound waves 
8 of your speech. This is 
then sent to the cloud, 
| where the waves are 
| deconstructed into 
| chunks of phonemes. 


Call me a taxi 
please 


Calling a cab 
Once the programme is 
confident of what you’re 
requesting, it can begin to 

| search the broader network. 
Using keywords in your 
request the search can be 
tailored. The assistant can 
then complete the request. 


HIW Taxi co. is 
on its way 
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1.8m 


Advanced 
robotics 


Could artificial intelligence systems 
someday find a home in these 
rTe\ Pcl avexcvemalelnat-lacel(emac) ele) ave 


1.5m 


Replaceable limbs 
Valkyrie’s arms can be | 

disconnected in a matter of | 
minutes and replaced with | 
a different unit. 


Field of view 

As well as cameras in the head, 
Valkyrie is equipped with 
additional cameras in its torso, 
forearms, knees and feet. 


90cm — 





Simplified | hands 
Three fingers and a 
thumb are connected to 
actuators that permit 
wrist movement. 


60cm 


Human size 
One version stands ata 
height of 188cm and 
m= Weighs 136kg, making it 
B slightly larger than the 
average astronaut. 


Balancing act 

Teams of computer scientists 
are currently teaching 
Valkyrie to navigate across 
obstacles on various terrains. 








For many scientists, the ultimate quest of artificial 
intelligence is to create consciousness. But could we 
ever be certain that we’ve created sentient life, or 
something that just acts the part? That’s something 
we’re still trying to figure out, and to help explain 
why it’s so tricky for us to tell, philosophers like to 
create thought experiments. One famous example 
when it comes to Al is known as ‘Mary’s room’. 
Consider this hypothetical scenario. Mary lives ina 
black and white room; she has never left the room, 
and even her computer lacks colour. But Mary has a 
passionate hobby - she loves to learn about colour. 
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Pathfinder 









Valkyrie is designed to be a vanguard 


| a; for space exploration, preparing 
ee environments before humans follow. 








Camera eyes 

ASIMO can identify people 
using facial recognition 
software and can be taught 
to recognise various objects. 





1.9m 





Viens ~Power supply 

An | 5) .8-volt battery 

: a i resides in ASIMO’s 
of, backpack, permitting 


= the robot to navigate 


é a 
a independently. 

















Dextrous hands 
High degrees of freedom 
in the wrist and fingers 
enable ASIMO to pour 
and carry drinks. 


Nimble pincers 
ASIMO’s fingers can 
make subtle movements 
and detect the firmness 
of an object it touches. 


Running man = 
} Advanced bi-pedal a 
robotics facilitate ‘ 


| == = climbing stairs, kicking ’ 
i Built-in 7 ig gemma football and running ~*~ 
J intelligence MB at up to 9km/h. =* 


Artificial intelligence aids 

| ASIMO’s movement as 
well as allowing it to 
learn new information. 


Mary has never seen colour herself, but she can tell = 
———i 
you every technical detail about every shade you can gail ie -P 
Taateke| aren @)a(=Met-hAmual=me(ele) an kom [-] a\mcm cele)an me) 0\>) ace ra \Red =65( nda re 
She takes a step outside, and for the first time in her of “hg 
life, she sees the world in colour. Now does Mary, <i y = Ses [om 
AV aToM dale) ViVAoM=n'{c) a’auallaleme]efole| mexe)(olel emic\-)m-la\vadaliale 
new when she experiences it? Or is it nothing special 
to her, because she has the knowledge of colour 
already? It may seem obvious that seeing colour 
NVColU} (eM oloMellncclaclaimige)aam(escim(=r-laalialem-lelele)|miam sie) mi 
Yomm dalslameleli(e late m-mexe)an)el0in-)audat-lmlaalianl(exsmele| ame) e-/ial 
may not neccessarily create a conscious machine. 


.COM 


DID YOU KNOW? NASA’'S Curiosity Mars Rover is equipped with a narrow AI that allows it to choose its own rock samples 





1990 *——— 


Scientist Rodney Brooks is 
Tas} e)iqsvem e\var-le\Ve-]alecsoml a 
neuroscience, and 
presents the potential 
olzlalcvil some) oleli(ellare) —— 
artificial neural networks. 


1c 


An IBM-built machine, ; 
named Deep Blue, defeats —F 
VAV(o) a(e Mod al=sstomot ate] an) e) (ela 

Garry Kasparov. For some, 
Deep Blue’s ability to act 
| strategically and evaluate | 
Ul om comA0lOManliiiteyal | 
positions a second et 
showed the true power 
of Al. For others, the j | 
task still lay ahead, as : | 
Deep Blue had merely . 
shown a computer’s ; 
effectiveness at 
handling a very 
specialised task. 
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|CToreyel(=omlce) (xem c=rexeselaliace)al 

software utilises artificial 
neural networks to lift its — 
accuracy to over 80 per cent. 
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torious over Gi 


employ a ‘brute force’ 
approach, where every 
possible.move is 
programmed into the 
rox) ga) elute [alcinsy= (emma als) 
programme makes use 
fo) maat-leraliatem(st-lealiace mee 
fe) g-load(ex=me)',=) am aallii(eyars) 
of games until it learns 
its own winning strategy. 
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Spy r ograndra aS 3 ~S 
\ Lee’Sedol. Unlike IBM’sD ep. 
Blue, AlphaGo could-not 


daunting, but we shouldn't be as nervous about 
this possible future as many are - permitting, of 
course, that we progress sensibly. 

Asuper artificial intelligence won't pose a 
danger to us by itself; at least, not in the way we 
think it will. In the many apocalyptic scenarios 
shown in fiction, the AI thinks like us, and 
sometimes even feels like us. They share our 
rehealoyumlevetsesbelomeLelcrincmielmaaererelejeameberel 
dominance. But in reality, this wouldn't be the 
case. Acomputer’s mind works completely 
differently to yours and mine, and that would be 
true even for a particularly clever artificial brain. 

It’s easy to imagine that whatever is the 
smartest organism will want to climb to the top 
of the food chain, especially if we think about 
how we got here. But computers aren't products 
of evolution, and that means they’I] have little in 
(elo) anbenteyamivsidembrsnyaVs me) meleb mic. balese-Delomelcicvers 
(oop aatemecoyeemelonarx-salcia(eno)ie(sje)auciem-belomlovaneperciicny 
for us (and maybe for the machines too) they will 
be free from these desires. This might be 
confusing to consider; after all, it’s very hard to 
imagine something outside of our own 
perspective. But a computer will only exist to 
serve its programming, and that will be 


whatever it is that we commanzditto be. So that’s 
one aspect we don’t need to worry about. 

1Upebcoyanbvet-ins)hyapimelolsjemmests-bemmerslM@uiewas 
completely in the clear. Say we're able to one day 
create a super intelligence, and we command it 
to help us terraform Mars into a suitable home. It 
may create solutions that would have taken us 
centuries to generate by ourselves, and it could 
help us make our dream a reality. But it may also 
decide that the best way to terraform Mars is to 
take Earth’s atmosphere and resources and 
transport them there. The intelligence would be 
doing as commanded, but it would be to our 
detriment. Ensuring that it correctly 
understands what we're asking may well be the 
difference between humanity reaching the stars 
and facing extinction. 

The second threat of Al is more immediate, 
and that’s using its power to beat a different 
challenge: cracking code. Ifan able intelligence 
falls into the wrong hands, it could be trained to 
break through all sorts of password-protected 
programmes. So this too is something we have to 
be very careful of. But in spite of these potential 
problems, artificial intelligence could well 
transform our lives for the better. 


‘In science fiction, AI thinks, and 


This little companion is full 
of character and uses Al to 
enrich his personality. He 
can interact with his 
surroundings, play games 
and throw tantrums, all 
thanks to robotics and 
machine learning. 


Sphero BB-8 Droid 


sometimes even feels, like us” 


OTHER CLEVER ROBOTS 





NAO 


This small humanoid 

robot stands at only 

58cm tall, but is designed 
as a cute and friendly 
companion. And just like | 
it’s larger humanoid 
cousins, it can walk and 
sense its surroundings. 


Although not quite at the level of the droid found ina 
galaxy far, far away, Sphero’s BB-8 is a clever roller. 





Primarily app controlled, it’s able to act autonomously 


and evolve its personality as it interacts with you. 
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© NASA, Honda Robotics; SoftBank Robotics; WIKI/ Jahooly 
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Ju Echiabatce-bemeeln-)dorex=) alemer.|er-le)(cr-belomnuale)enr 
(oleXohTerchxcyomucrsbaementsveolols) mitelellomol=x-bak-Fsisis1Mne) 
any group, whether that intelligence is human or 
otherwise. To that end, AI could soon be working 
alongside, and aiding us in, multiple industries 
including communications, commercial 
aviation, medicine and, sometime later, in 
military defence and space exploration. 

In fact, AI may become so useful that it will 
likely prove more effective at our job roles than 
we are, and some of us may eventually be 
replaced. And that includes yours truly; by How 
It Works issue 199, you may well be reading a 
magazine researched, written and checked 
entirely by clever machines. Most experts agree 
that the rise of artificial intelligence will lead to 
significant changes within many working fields. 
JS) ULme) oyeav(oyatsesb acme enrate(svou-lolebimeatcnxe)col-yel 
question: could we ever create a conscious Al? 

Today, we have the clever and cute companion 
Cozmo -a little robot who loves to play games. 
|e (aU Mets) (<loyeclcomuisersveW aConuieatce.belomarler-emntselcvemels 
loses, all the while remaining as adorable as can 
be. He’s a great start, but one day, could we have 
truly sentient companions? Could we have an 
artificial intelligence that can think for itself, one 
able to realise on it’s own initiative: “I think, 


- — - How the works of fiction measure 
Sci-fi VS. reality up against the real future of Al 


' 





Blade Runner 
In a dystopian future, we have created synthetic 

a\0) aat-] ass ¢ale)uvialr- io a=) ©) (or-] a1ucem (aveliiaiare[elijat-|e)(-mige)aame le 
1dateli mi te\w cove me(ctsl (ela mel aivcssomual=)pamcomneldame)amual=)| m@elgst-]ke)e- 
as they battle to prolong their short lives. 
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Ex Machina 

TaWecIau'ce) ale MY.=) ava anlit<] anceme)e| ecm kolel-\\am- Me (=a) [6h 
programmer uses the power of his company’s search 
engine to create a humanoid Al. In his efforts to test her 
sentience, he drives her into a murderous act. 
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therefore Iam!” This would be the ultimate test 
of Al, and as well as being an exceptionally tricky 
task to create, it’s asimilarly sticky test to 
actually determine if we've created 

(ofo) atsxea lo) btsy a Lerstopme) amie lcimce)eelaidabeetcmmatcum-lancndels 
part very convincingly. 

The great pioneer of the thinking computer, 
Alan Turing, designed a test over half a century 
ago that we still use today as a benchmark for 
measuring artificial intelligence. In essence, the 
Turing Test involves a panel of judges having a 
(efoyani(syactslm(e)eMeni(a)a-meeesleleiccymelcianievecanslae| 
either another person or a computer programme. 
In one variation of the test, if at least 30 per cent 
of the judges were tricked into thinking a 
computer programme was a real person after a 
five-minute conversation, then it would be 
considered as ‘intelligent’. 

Impressively, this was successfully achieved 
in 2014 bya programme called Eugene 
Goostman, which managed to convince 33 per 
cent of the judging panel that it was a 13-year-old 


‘A robot being deemed as intelligent 
is far from being conscious: 


a 
-f 5 


ACelganliarcixeys 

PANia=) ar-lam-ladli(ert-]mlales)iile (=) ecm ome] e-]aincte mexe)aiuge) Me) 
America’s defence network, it sees humanity as a 

1 al acts] mrs] ale Bc{o\>) ccm koMe (=1311g0)’Aal a C=) gn aliat1ke) ecm (Conv ele) ce |<) 
FelasMoleliimcomavalineciow-lacemerd0icamual-Malelant-lamass)cie-|aece 
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I, Robot 


Inspired by Isaac Asimov’s sci-fi stories from the 1950's, 
|, Robot depicts a near-future where intelligent 
humanoid robots are everywhere. Viewed as mere 
property, it’s revealed the robots may have souls. 


EM nate ceXounlare) (elena e) rele c1| 0) (=¥ammi es es-s-11 0) (2) © Unlikely OC) 








boy. But being deemed as intelligent is far from 
being conscious, so it’s unlikely that we'll be able 
to simply use the Turing Test to measure 
sentience. And this is yet another challenge for 
us to overcome, as right now, we simply don’t 
know how to determine if we've actually created 
a sentient being. 

In truth, we may never knowif our future 
machine friends are truly conscious, even ifwe 
succeed in creating them. But what does it 
matter, when they’ll be too similar for us to be 
able to tell? One thing is safe to say, however: 
when we do manage to create artificial ‘life’, it’ll 
be born into a world very different than the one 
we know today. The future it will come to know 
as home will be one where many jobs and 
important aspects of society are managed by 
machines. So maybe AI will eventually take over 
after all, just not in the way we might expect. The 
age of artificial intelligence has already begun, 
and progress in this field will only gather pace. 
The only thing in question is how it impacts us. 
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Westworld : 
Westworld is an amusement park like no other. Visitors 
travel back to the Wild West and interact with synthetic 
humanoid hosts. In the TV remake, these hosts gain 
true consciousness after unlocking their memories. 
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2001: A Space Odyssey © 
The year 2001 may have already passed, but the Al in 


dalicmanlenvd(=mexelel (om |(oMiamelllauaeiuel acm Aa a(lamctclala(slals 
artificial life is achieved, it battles to usurp humanity 
and take its place for the next stage in evolution. 
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Experts theorise that about 35 per cent of jobs are at risk of being handed over to AI in the next 20 years 
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etn machine, then you’re certainly subjective creativity. In truth, aarexevaliatew (ct-laaliare) 
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workers any time soon. These 
disciplines still require a level 
of creativity and abstract 
thought, which a machine is 
ae) MAY{=1m=16[0)| 0) el-1e Kom pat] kein F 


foreseeable future. 


Computer programmer 
———_ It may-seenrcounterintuitive-te 
ave \VicWr- exe) an) 9)01K=) mu 8) aelele-laalan(=mexele(=) 
foldal=)axoxe)an)eleit-laue)gelele-lanlan(=s-em ele] 

it could become a reality. Not all 

programmes will be intelligent, 
r=) ae] | Acted] aW-Vindal-lemersl ami lalem-lare| 
rectify faults in simpler code could 

prove incredibly useful. 
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Factory worker 
SNVaexe) ga) elialialem-M\{clest-14l (2m ce) elelulom-|ann mele 
nlelnat-lave)(emae)eteymidal-lal-lauii(et-] 

Tal e=)| ke [=\arexcemexe)any ey-]al(=ssmexelel(em=)an]®) (e)vare 
machine to complete a variety of different 
tasks. When it comes to handling 
specialised equipment, however, workers 
=} a(o)0) (eM ol- My] io mke)andalomantcr-laldianiee 




















} 
i 
] 
| 
| 





[ET ed (=¥- [at eye leake) g 
fo) of=) es) ke) ) 

J aliaa lave mele] amaleces (=¥-] am ole) (21am e)-] a1 as 

TalmomtalsWat-lare (ome) mant-loialialcsomaate)y/ 
SYolU] ale Mcxor-] VAM olUlMmAUlINVar-lUine)aal-1K=ve 

ns «~~ lose) a—m.V/e\0| (om sv-\V(-malelen\-\c0\0 | 

advantages. An Al would be able 
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Ni mde-lid(omere)aiaae)|(=)e 
Navigating aircraft safely and efficiently is 
an important task, and a partnership of Al 

and GPS systems are currently being 
trialled for the role. These could see the 
——_ ee — Vontual ond ofairtrafficcontrollGna a= 
radar systems used today. 






Translator 
Linco) (exo a=cexeyelaliaieyal 
software wasn’t enough, a 
alel0l =] areiaNs'(e) d,@ere] ey-]0) (oe) i 
directly translating verbal 
Xo]U ale Komlalkom-Mce)acl(e]a 
written text has recently 
been developed. In a matter 
of years, translators may 
find themselves second 
best to readily available 
rela mbalelt-]miaiksyiile(slarexcy 














er 
Administrative roles are swiftly becoming a 
(ore) gn] el0i n=) acm 0) a=t-lem-lalemolUimns)em-lalemniian 
improvements in Al coming faster than ever, 
all clerk roles could soon be better served by 
a machine. This is likely to occur across 
faale)iule)(omcy-\o1 ko) acm lam aatemexe)anlialemyicy-] 6oF 
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Electrical muscle 
stimulation 


Can technology help you tone up? 


hen you exercise, motor nerves carry Toning belts are devices that use EMS to 
signals to your muscles that make mimic abdominal exercises. These work by 
them contract, allowing you to move sending electrical signals across the belt pads, 
your body. Electrical muscle stimulation (EMS) which produces a small pulse of electricity. Each 
exploits this principle, using electrical pulses to set of pulses from the belt stimulates the nerves 











mimic nerve signals in order to induce muscle across the abdomen, forcing the muscles to 

contractions. EMS devices can be useful to help contract and relax, which produces microscopic 

strengthen weakened muscles after injury, but tears in the muscle fibres. Over time, this action T c | e ct r i ca | U | SeS 
they are also marketed to those looking fora prompts the body to rebuild the muscles, Dp 


toning boost to complement regular exercise. producing stronger abs. IT) | [T) | C Merve s / a Na | S 7 


How do toning belts artificially trigger muscle contractions? 





Electrical signals Nerve stimulation Muscle strengthening 


©Thinkstock; Illustration by Art Agency/NickSellers; TrickleStar 


Electrical signals are sent between the gel pads on Each set of pulses from the belt stimulates the motor This mimicking of a sit-up causes the 
the belt. Some models create 50 pulses of nerves in your abdomen. This triggers the nerves, which muscle fibres to tear. They are later 
electricity per second. transmit signals to the muscles, making them contract. rebuilt, increasing strength. 


Save electricity by letting a smart 
power strip automatically shut off 
your unused devices 
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Herstmonceux 
THE Observatory 


SCIENCE CENTRE = Mf 
ties Festiva 


187 - 38° SEPTEMBER 2017 


OUR ANNUAL ASTRONOMY FESTIVAL IS NOW IN ITS 13™ YEAR 
COME AND SOAK UP THE INCREDIBLY WARM AND FRIENDLY ATMOSPHERE WHETHER 
FOR JUST ONE DAY OR THE WHOLE WEEKEND. REGISTRATION IS NOW OPEN AND 


CAMPING PITCHES ARE AVAILABLE. 





PROGRAMME OF ACTIVITIES INCLUDES... 
TALKS, PLANETARIUM SHOWS, ROBOTS AND MUCH MORE! 


CONFIRMED SPEAKERS... 
PROF CHRIS LINTOTT (UNIVERSITY OF OXFORD) 


PROF ANDREW COATES (MSSL-UCL) 
DR DAVID BAKER (FORMER NASA MANNED SPACE FLIGHT SCIENTIST AND SYSTEMS ENGINEER) 
PETE LAWRENCE (ASTROPHOTOGRAPHER, WRITER, BBC SKY AT NIGHT PRESENTER) 
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LATE AFTERNOON SCREENING 
OF A CLASSIC SCI-FI MOVIE 
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Switch 


We take a look under the screen 


of Nintendo’s new console 


intendo’s latest console is creating a 
whole new category for itself. While the 
Xbox One and PlayStation 4 are consoles 
you can only play at home, and the Nintendo 3DS 
isa less powerful device designed for gaming on 
the move, the Switch provides the best of both 
worlds. This impressive little gadget hasa 
powerful chip inside it, meaning it can still play 
games that look great, but it’s touch-screen and 
tiny size make it portable. 

Not only that, but it’s a console designed with 
your friends in mind, too. The control pads, or 
JoyCons - which clip into each side of the 
Switch’s screen - can be used together so one 
person can play a game, but you can also give 
one toa friend, turn them sideways, and play 
together. It means you can play multiplayer 
games like Mario Kart without needing to buy 
asecond controller. 

The Switch’s controllers are super smart. 
Motion detectors allow you to tip, swing and 
shake them to play different games. They are 
also equipped with some really clever rumble 
motors, which shake the controllers in different 
ways depending on the game you're playing. 
Nintendo claim that this haptic feedback is so 
accurate that it can simulate the feeling of ice 
cubes falling into a glass! 

The Switch’s best trick, though, happens when 
you get home and want to carry on playing. 
Simply slot the console into its dock and withina 
couple of seconds you can play on your TV at 
home in beautiful HD. 
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Inside the 
Nintend 


You can play the Switch in all kinds of ways, 
including removing the JoyCons and playing 
on the Switch’s portable screen 


CB 





HIHTEND & 
SWITCH 


Nintendo 
Switch 
teardown 


Inside Nintendo’s 
innovative hybrid 
games console 






Heatpipe 

This metal pipe sits between the 
circuit board and the rear case of the 
console. The metal conducts heat 
well, spreading it across the Switch 
to prevent overheating. 


Battery 
The Switch has a 16Wh 
battery powering it. 
That means you can play 
for between 2.5 and six 
hours before charging, 
depending on the game. 


Fan 
The chip gets very hot when 
you're playing, so this fan 
helps to keep the console 
cool. Hot air is pushed out of 
the top of the console. 






Storage card 
board 

This microSD card 
board is usually hidden 
under the Switch’s 
kickstand. You can 
expand the storage of 
your Switch with an 
extra memory card. 


Game card reader 
The Switch’s games come on 
small cards, a bit like SD 
cards. This slot is where they 
clip into the console. 
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The Switch’s dock doesn't contain much circuitry - just gd way to connect the Switch to a TV and some USB ports 






The motion controllers 
can be used in many 
ways, including as 
steering wheels in 
games like Mario 
Kart 8 Deluxe 











LCD display 
The Switch’s 15.7cm 
screen has a resolution of 
1280 x 720, but the device 
can manage 1920 x 1080 
when it’s docked and 
connected to a TV. 



















“The Nintendo 
Switch Is a console 
designed with your 
friends in mind” 


Buttons 

There are four main 
face buttons anda 
joystick on each 
controller, along 
with shoulder and 
menu buttons. 


HD rumble motor 
Both JoyCons contain an HD 
rumble motor. These motors 
rotate rapidly to simulate 
different levels of vibration. 





Infrared sensor 

This sensor can be used to detect 
things like hand gestures and other 
movements that you make in front of it. 








JoyCon rails 

You'll find one of these 

metal rails on each side 

of the Switch’s screen. 

These rails are how the il 
JoyCons attach securely. 





he 
Flash storage 
This tiny chip is actually 
where the Switch stores 
your data. It offers 32GB of Battery 
internal memory for game Each JoyCon also packs ina 
saves and other files. 1.9Wh battery. These little 


controllers don’t use much 
power, though, so that 
should last around 20 hours. 


© Nintendo; iFixit 
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| 2 = —— ill Gates is simply one of the most 
: - influential people on the planet. Born in 
Seattle on 28 October 1955, he excelled at 
school and would while away the hours playing 
board games such as Risk and Monopoly. He had 
the drive to make money from an early age, and 
first became interested in computer 
programming aged 13 after a local company set 
up ascheme to provide computer time for 
, ” students at his school. 
Gates was spellbound by the potential of 
- . personal computers and began to dedicate all 
his free time to using them. Teaching himself, he 
created a simple noughts and crosses game and 
>-- ee — was asked by his school to write a programme 
that would help schedule classes. Gates shared 
| his passion with Paul Allen, a student two years 
Time magazine named his senior, and the two agreed to go into business 
Gates as one of the with each other in 1970 when Gates was only 15. 
ie Mea itt ‘as The reserved Allen and the tenacious Gates 
complemented each other perfectly. Their first 
development was Traf-O-Data, a computer 
designed to calculate traffic levels in Seattle. It 
made $20,000 (£15,600), all while the two were 
still at high school. Agreeing to his parent’s 
wishes, Gates enrolled at Harvard in 1973 to 
study Law, but spent more time coding than 
studying. After seeing a magazine article on the 
new Altair 8800 microcomputer, he contacted 
the company that made it, boasting that he and 
Allen were creating a software programme that 
would run it. The company agreed to a software 
demonstration, and even though Gates had yet 
to start writing it, the software worked flawlessly 
when it was presented to the company just two 
months later. Rewarded with contract offers, 
both Allen and later Gates dropped out of their 
respective studies and began working under the 
Microsoft name in1975. 
The company started slowly, but with Gates 
using his business acumen, Microsoft grossed 


|| $2.5 million in 1979 and computer giant IBM 
came calling. A deal was struck and it was 

i a eS agreed that IBM computers would now use the 
Microsoft software, MS-DOS, exclusively as its 


operating system. Enticed by an attractive 


The co-creator of Microsoft and one of the principal faricericence, developers began to formulate 
plone ers of the personal computer revolution programmes for sole use on MS-DOS as Microsoft 


Microsott 
Introduces 
Power 


Windows. 
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A LIFE’S 1955 1968 1973 1985 1989 










Bill Gates was Uses his first Enrols at Harvard Windows 1.0 is The first version of 
WO RK born on 28 computer and starts University but launched, the first Microsoft Office 

October in Seattle. programming with drops out within ad fi version of what is launched for 
How a university dropout He is the oldest of fellow student Paul two years and later — if would develop into an Mac, containing 
became the richest man three and has two Allen in the school’s founds Microsoft Ze international best-selling | Word, Excel and 
on the planet younger sisters. computer centre. with Allen. operating system. PowerPoint. 
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Microsoft milestones § « 


How Windows, Office and Internet Explorer 


changed personal computing 


Microsoft’s early computer interfaces, such as the 
Microsoft Disk Operating System (MS-DOS), relied 
on users typing in commands. Windows software 
instead used a graphical interface, offering users a 
more intuitive way of interacting with computers. It 
wasn’t until the launch of Windows in 1985 that the 
popularity of the system grew and Windows 
started to become a mainstream operating system. 
In 1998, the decision to bundle a Windows 98 
package with Microsoft’s web browser, Internet 
Explorer, helped the company win the ‘First 
Browser War’ against Netscape Navigator. 


“Gates and his wife established the Bill and 

Melinda Gates Foundation, donating some 

of their immense wealth to charitable and 
philanthropic causes” 


began to flex its corporate muscle. By 1983, 30 per 
cent of all computers on Earth were running 
Microsoft software. The company went from 
strength to strength with the launch of Windows 
in 1985 and Office in 1989. 

In 1994, Gates and his wife established the Bill 
and Melinda Gates Foundation, donating some of 
their immense wealth to charitable and 
philanthropic causes. Since its creation, the 
Gates Foundation has played a pivotal role in 
various campaigns across the globe. A huge 
success story is its major role in the efforts to 
eradicate the polio virus, which could be found 
over 125 countries in 1988, but today is only found 
in three. The charity also seeks to help people 





1995 


The immensely 
successful Windows 95 
launches, and Microsoft 
products become a 
staple of the home and 
the office. 
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Despite the rise of other operating systems and 
web browsers in more recent years, Microsoft 
Office has remained the dominant office software 
suite. First released in 1990, Office now offers 
desktop, mobile and cloud applications. It is 
estimated that 1.2 billion people worldwide 
currently use Office products or services. 


across the world to lift themselves out of poverty 
by giving them the educational and financial 
tools to achieve a better standard of living. 

Ina testament to Gates’ work rate, the 
Foundation’s early growth coincided with 
Microsoft’s explosion onto the world stage. The 
success of Windows 95 and Windows 98 meant 
that in 1998, Microsoft was officially the biggest 
company in the world. At the turn ofthe 
millennium, Gates stepped down as CEO, and 
moved away from the day-to-day running of the 
company in 2014. Today, Microsoft’s products - 
including Windows 10, Internet Explorer, Office 
and the Xbox One - remain widely used the 
world over by billions of people. 





Bill and Melinda Gates received the Presidential Medal of 
Freedom in 2016 for their Foundation’s work 


2010 


The Bill & Melinda 


2008 


Gates launches 


2000 


Gates steps down 


as CEO of Microsoft TerraPower as a Gates Foundation 

and turns his private company promises $10 billion to 
attention to the Bill with the aim of develop new vaccines 
& Melinda Gates creating cleaner in the global fight 
Foundation. nuclear energy. against disease. 
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2014 


Resigns as 
Microsoft 
chairman but 
stays on its 
board asa 
tech advisor. 


© Alamy; WIKI/Microsoft ; Bill & Melinda Gates Foundation/Prashant Panjiar 
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4D cinemas 


Why just watch a film when tech can help you fee! it! 


magine if while watching an adrenaline- 

fuelled car chase on screen, your seat tilted as 

the vehicle careered around a corner and the 
smell of burning rubber filled your nostrils. 
Then as the movie's hero escapes on a jet ski, you 
too feel the wind blowing through your hair and 
the spray of seawater on your face as they ride 
off. This is the experience made possible by 
custom-built 4D cinemas, which are equipped 
with high-tech features that make you feel as 
though you area part of the action on-screen. 

As well as showing the movie in 3D, making 
the characters appear to leap out at you, a ‘fourth 


Wind machines 

Powerful fans simulate strong winds 
or a gentle breeze and enhance the 
feeling of high-speed movement. 


dimension’ is added through the simulation of 
various physical effects such as movement, 
wind, rain and even smells that are 
programmed to perfectly synchronise with the 
action as it happens. These special cinemas have 
been appearing in theme parks since the 1980s, 
showing movies created specifically to make use 
of 4D elements, but now they are being 
introduced in regular cinemas, too, allowing you 
to experience the latest blockbusters ina new 
and more exhilarating way. 

So what about 5D, 6D and all the other 
dimensions some cinemas are boasting they can 


Sprinklers 
Water rains down 
from the ceiling or 
sprays out of jets 
in the back of the 
seat in front of vou. 


3D movie 

When wearing special glasses, the 
three-dimensional stereoscopic film 
appears to pop out of the screen. 


Diffuser 

Various scents can 
be released to 
recreate the smells 
of the environments 
depicted on-screen. 


4D cinemas appeal to your 
sense of touch and smell as 
NiVZ2)| We lomct(e] aimee] arom aleve] alate) 


deliver? Well before you get excited that you 
might be able to star in the movies yourself, the 
number is actually just an unofficial marketing 
ploy referring to the amount of physical effects 
the cinema can create, so you will need to stay 
firmly in your seat for now. 
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DI E-Yore\¥(=1 mu alo) 'ar-5 Ded [al=laar-;-w-le(e mela m=). 4a ee) 
relTaat=larcvcesamkemanl=m once) i(=tre Collate m=y.4 ele) a (ala recs 


Back ticklers 

The seat vibrates and jets 
of air tickle your neck to 
simulate on-screen action. 


Fog machine 

A dense vapour is 
emitted into the room 
to simulate atmospheric 
fod or smoke. 


Moving seats 

A hydraulic platform 

causes your seat to 

heave, roll and pitch 

corresponding to the 
~ action on screen. 
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Leg ticklers 

A device located beneath the seat 

brushes against your leg to simulate 
_ creatures crawling around your feet. 


+ . J. = = - ae 
a es Wes a =; it gs et ' 
eft, = ==," = ¢ ji en ee ris Xd 
se i both eae abe oe Nel! i) gee! eek ey .. 
: pref ei. : thas? t rah we Si Hae Putte deat tts ee Se c 


Ns 
ne tt ee a, 
Pati by el 7 em co eee 


©Thinksto ck; Illustration by The Art Agency / Barry Croucher 
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Aswonouik kisotee Baader, Barr & Stroud, 
Celestron, Farpoint, Fornax, Minox, 
Moravian Instruments, Lacerta, Lunt, 

SkyWatcher, Teleskop-Service, 
Vixen, Yukon, ZWO 








Call 020 33 845 187 between 9am —- 8pm 7 days a week 
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tecncama 


Inspiring Tomorrow’s Inventors 





Build advanced robots 
and battle them in 


Robot Inventor 


Move over Bond... make 
your own gadgets in 


Gadget Factory 


Turn a toy into a fully 
programmable ‘bot in 


Robot Brain Surgery 





Build & Fly Your Own 
Advanced Drone in 


Quadcopters 


Design your own games 
and game art in 


Game Design 1,2 &3 


Design & build a 
HiFi audio system in 


Bluetooth Speakers 





Abingdon 
Coventry 
Chelsea 
Harrow 
Weybridge 
Winchester 





Come as a day camper or join hundreds of other young people from 
around the UK and overseas at our flagship residential camps where you 
also spend evenings playing laser tag, disassembling electronics and even 
have your own en-suite room. 


ViVEVo lancom @alelitm\/(elg=ie 


Tech Camp is the UK's original camp of its kind and remains the only one 
specialising in teaching coding through advanced take-home projects. 
It’s perfect for creative youngsters who like making things (or taking 
them apart!) or show those who are forever playing games how to start 
designing their own. 


We have tutors from institutions like Cambridge & Imperial, maximum 
groups of eight, and exclusive courses not available anywhere else. 
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ENVIRONMENT 
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Any osedax worm you see will be female. The microscopic males live inside the females! 
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Unusual for such a hot 
climate, these lemurs 


4 ianaecine are covered in thick, 
>= rowing, razor-sharp teeth to black, woolly fur 


Se SSS - bi tear into trees and branches to 
Aye-ayes 


get to the grubs inside. 
Meet the lemur’s crafty, and 
Slightly creepy, cousin 


on’t look the aye-aye in the eye is advice 

that Madagascar’s locals would offer you. 

It’s considered an omen of death ifthe 
aye-aye points at you with its elongated middle 
digit, but whether that’s true or not, these little 
primates (which are actually the world’s largest 
nocturnal primate) are incredibly weird. They 
are placed in theirowntaxonomicfamilybutare | 
classified as a kind of lemur, sporting huge eyes | 
and ears, long, needle-sharp teeth that never 
stop growing and the strangest fingers and toes 
in the animal kingdom. 

The aye-aye’s digits are long and spindly and 
topped with long, sharp claws. The middle 
finger is particularly elongated and 
knobbly, protruding a few inches 
longer than the rest. It has ball and 
socket joints, allowing the middle 
finger to swivel a bit like our 
shoulder joints do, and this curious 
appendage has avery specific job. 

Under the cover of night, the 
aye-aye moves along dead branches 
in the forest and taps its middle finger 
on the tree bark. It’s feeling for the 
reverberations of the mines made by its Fingers and toes 
favourite food, wood-boring insect larvae, Each tipped witha 


. imi sharp, pointed claw : Mt ’ Se 
beneath the bark; a method that mimics Boat en be Annsend leds Th e g Y e = g Y e S d I g ICS 


echolocation used by mammals like bats. The ; 
toes, which have flat These are all the same 
middletngeristhen poledinth CR EGNAEEN (ct whee cath mangnakra — GC [Ong and spindly 
out the prey with sharp fingernails. Thismethod appendages are the on all fours easy. They ' 
of fone faa means ae ae essentially aye een are also strong and agile OM) d Cop p ed with 


hunting tools. for life in the f t. dU 
occupies the same niche as a woodpecker! ee long ; shar p claws 
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ee The aye-aye uses its ever- 


tipped with white. 

















Osedax worms don’t 
are \Vicmanteleiantcne)s 
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Nipples 
The only primate to 
have such an 
arrangement, the 
aye-aye’s nipples aren’t 
located on the chest but 
on the lower abdomen. 


© Alamy; Thinkstock 
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Stroma growth 
The fungus’ main stem, 
equipped with a stroma, 
erupts from the ant’s 






head. The perithecial plate 
is the spherical growth 
that produces the spores. 





The zombie fungus — 


The stuff of nightmares: a mind-controlling fungal growth! i a 7 


Ahuman zombie apocalypseis, thank goodness, begins to grow inside the doomed insect. It 

a fictional threat. But the animal kingdom isn't releases a cocktail of chemicals that force the ant 
afforded such a luxury. Deep in the tropical to take itselfto a perfect poles for ae 
rainforests of Thailand is a mind-controlling ‘itself. 
fungus that manipulates its hosts in order to 
facilitate its own life cycle. 

The Ophiocordyceps unilateralis fungus’ 
victims are worker carpenter ants, and the 
fungus ‘knows’ its preferred host, being able to 
infect just the carpenter ant species for optimum 
results. When the unsuspecting ant picks up 
fungal spores on the forest floor, the fungus 
















Mind control 

The ant is ‘steered’ by the 
fungus, and taken to an 
optimal location. The insect’s 
body provides the fungus with 
a means of producing spores, 
allowing it to reproduce 


Making a zombie ant 


How a single fungal species turns carpenter ants into minions for its own growth 
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2 Worker carpenter ants foraging on the Carpenter ants have strong jaws, and the After the death grip, the ant dies. The The mature fungus releases spores that 
& forest floor unwittingly pick up spores fungus steers the ant to a prime fungus consumes the ant’s internal body ie llamele ivi ame)alcemdal=mie)a>s-] mi (ele) mice) samaal= 
= that have been (oe) 0) olz\om o)var-Manl-luel as) rlahviqe)alaat=iaie-1m erecs}it(elamielamielarer-]melce\ivann and uses its exoskeleton as protection leaf vantage point in the tree. These will 
E fungus. Their fate is now sealed: death is re Jaleo) ger=soon da oW-] alam cem oli n=Mele)uane)amual= from the elements. This sheild enables the — infect a new host of ants, restarting the 
© an inevitability. underside of a leaf with a ‘death grip’. fungus to grow. (e (=¥- eo] Waeav{o1(=8 
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DID YOU KNOW? The olmis the national animal of Slovenia. These Iittle amphibians are also Known as baby dragons 
































Inside the belly _ os a | Black swallowers 
This small fish looks like a creature that 
of the beast Giant teeth 


nightmares are made of. It’s creepy, slimy and 
lives in the inky blackness of the bathypelagic 


With a super creepy extendable Several large, hooked ; ae 

Bhycere © He black ea@iiower ae front teeth help the fish Huge mouth zone. Sometimes, it can quite literally explode. 

f ’ ae Panera forced lars urey tens Large jaws open wide This is the black swallower, whose party trick 
SELIM ea ltt ath down its gullet. to accommodate is its expandable stomach. Hanging beneath 





the 25-centimetre fish like a balloon, this 
stomach can stretch to the point of 
1 =) als) ey-] c=) alonY mn kemr- (exexe)anvanelel-]k-malele(-Maalct-]ice 

mere Kou j ale me)am olela\vai iia me) om coma (<M lace (laren) 
and ten times its own weight, the swallower 
uses a Similar technique to a snake to cram it 

; J es =~ : all in; opening its mouth wide, it uses 
Spiny palate o 1 »* on ee A razor-sharp teeth to ‘walk’ its mouth over the 
Sharp teeth on the = — ie prey. The evolutionary advantage of this is to 
swallower’s jaws and > —_= c my make food last longer. In the deep there’s not 
palate can be pushed . —_ . iaall coral ©)a=\’ai kom ol-Wcele|aleMucvoM-v-10lale—-—l-lae(>manly-]| 
inwards to allow prey | | BBCHeTaRsaitel(-il mW rel Aelmeclasclalaren-lallael'a 
to pass but then a" However, if a black swallower overindulges, 
prevent its escape. ' | emer Tas oX-)| magele]e)(- Mm iace F-lge(-Meciag-ineial-ve! 

‘ stomach can split. Sometimes, if a meal is too 

Flee (om | mere] alum ol-me|(el-t-uncvome]6l(ol d\Var-)alelele]ame-lale| 
so it starts to decompose in the stomach. The 
gases produced by this can cause the 
swallower to inflate and burst and the dead 
fish floats to the surface. 


super-large prey. 





Specialised gut 

One fish was found in 2007 with 
an 86-centimetre snake 

mackerel in its gut - over four 
times the length of the fish itself. | 





WM aliswia=t-].Q’Miiam cm celelalemlamaat=muge)e)(er-]m-lale| 
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Chinese water deer “The black swallower is a 
These cute-looking ‘vampire’ deer are vulnerable in fish that can sometimes, 


their native habitat along the banks of China’s ; i SS 

Yangtze River, yet they are surprisingly common in | I| | d 

the UK’s countryside, having been introduced by the quite itera U, CXP O © 

Duke of Bedford in 1896. They might look cute and 

fluffy, but these deer are one of the most primitive 

species, and the males have giant tusks that grow / “en oo / 
from their upper jaws instead of antlers. These tusks Eternal fish Long-knecked antelope | 
have a slight degree of movement, so they can be The immortal jellyfish is Also known as the ‘giraffe deer’, | 
pulled back when the deer is grazing. The length of thought to be just that the gerenuk uses its elongated 
these canine teeth is a good indicator of age, with - it reverts back to its neck to reach leaves. 

most reaching full length by two years of age. The juvenile stage and grows 

fearsome-looking fangs are mostly used for settling up over and over again. 

scores between males. 








| Tallest wild canid 
This leggy canine is the 


Deers once had antlers and tusks. The | | maned wolf, found in the 
small species retained the tusks, but grasslands and scrub | 
larger species only have antlers now | forests of South America. 
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T he orpse flower 


This native of Sumatra may look alive and well, 
but it’s known as the corpse flower for a reason... 


This unattractively named bloom is the world’s their native Sumatra. Interestingly, 2016 was a 
largest inflorescence (a cluster of flowers). Titan bumper year for flowering corpse flowers, with 
arum gets its common name from the fact that numerous plants blooming at once. It’s not really 
when it flowers, it gives offan almighty stench known what set it off, but considering that there 
that can only be described as rotting meat. This have only been 157 recorded blooms between 
pungent, sulphurous smell attracts pollinators 1889 and 2008, it’s quite a significant botanical 
that typically feed on dead animals-thingslike | event, especially when the flowers typically last 
dung beetles, flesh flies and other carnivorous just a few short days. 


insects that usually focus on carrion. 


To accompany its foul stink, the corpse flower “The Cor p Se fl OWelT 'S 


is simply humongous, sometimes measuring 


over a whopping 1.8 metres in height. The sheer p Ul) a CT) ie SU | p A UFOUS 
size and scale of the flower takes a lot of energy Sme | | ott ra ct S 


to produce, and so this is why these colossal 


plants only flower around once every six years in p O | li nd Co [ Ss" 


To trick insects into thinking it’s a living (or recently dead) 
animal, the flowers warm up to 36.7°C when they bloom 


Life of a titan 


It takes seven to ten years for a 
corpse flower to muster enough 
energy to bloom 
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\ ae 
: V. 
Reproductive 
stage - 
The first sign of ; 
this stage isa Vegetative stage 
small ‘spike’ i This stage is where no 
sprouting fromthe | 7 flower is produced. 
eit : Instead, the titan arum 
ee ai | Sprouting grows into a leafy, 
devel Pere f The titan tuber rests for free likeplaii. 
ein maaan , Fl around six months before 
about two weeks. Alpes J 
. " ’ fice Vite sprouting and entering 
wie y, Seedlings * a either a vegetative or a 
The seeds reproductive stage. | 
germinate, and | 
they will take 


around three to ten 
years to develop 
into a mature plant. 


Die back 

After around 12 to 18 
months, the vegetative 
state dies back and the 
titan exists as a resting 
of tuber once more. 






~ 
Other plants lure J Inflorescence Infructescence 
UGS with scent What looks like ‘petals’ is the spathe, which is After six to 12 months the fruit 
ve pollination, only open for up to 48 hours. The actual flowers matures and contains seeds. Birds 
are found at the base of the spadix. Insects are will feed on these and play an 
attracted to the pungent smell and pollinate the important role in dispersing the plant. 


separate male and female flowers. 


DID YOU KNOW? The gigantic shoebill bird's Latin name is Balaeniceps rex, which translates into English as ‘king whalehead’ 


Shoebills 


It’s an appropriate name, given the size of the 
shoebill’s colossal beak! These curious birds can be 
found roaming the swampy marshland of eastern 
tropical Africa. They are solitary, tall birds, reaching 
around 1.5 metres high, and that big old bill is used 
for ambush hunting. Shoebills will tuck into anything 
ranging from lungfish, snakes, eels and even baby 
crocodiles! Their huge bill is tipped with a ferocious 
nail-like hook, which, combined with the strength of 
the beak, more than matches any flailing prey. 

Despite being a heavy bird, shoebills can often be 
found perching on floating vegetation. They prefer to 
hunt in poorly oxygenated water, as this means that 
their prey has to surface more often, providing ample 
pickings for the shoebill to grab a snack. 


* : 


IN iKedsdate]aatsxemmadat=malelaat-lamalcjalm date] a) como m ecm (e)ale| 
oxete \Var-] ale Wm el=r-(eahVAma(=t<) a more) (ol | c-lem-1 dla mma aiome) (an 
(or proteus) is a weird salamander of the 
Ulale (=) ayivce) ale pmr-]alem 10] q0) o-Mome) al hmer-\Vicbr-lel-] eke 
vertebrate. The olm lives exclusively 
underwater and lasts for an incredibly long 
time - up to 100 years! These strange 
creatures are blind and grow up to 30cm long. 

ii at=\var-] asm alow) oX=>,@ ©) aacer-1 ke) mme)mmual=)i aay-lian) 
and males are tenaciously territorial - the only 
1da}iavemxemcy-] ar-] ame) (nam (ow-]aleldai=) are) lan myavel-|elucremne) 
TAVeM aXe) te] Me t=] 0.4 nl stoXoMme) | aatom at=\V.ome(=\V,21 (0) o=Ve| 
powerful senses - including electrosensitivity 
smn Com al=)|dal-lanmilacemaatliane)a=\\ae)m-yianlit-lahvae)iiate 
and pale cave crustaceans. 


Olms are neotenous, which means they don’t 
ol ate ale(=miaikemralel6] lume) daamer-lale Mm: ele)am->au-laal-lmell iis 
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These bizarte.bir Ss 
get their ham 

Lisclaah eir 

shoe-shaped beak 


en 


Egg-laying mammal 
This spiny critter is the 
long-beaked echidna. It’s the 


| world’s oldest mammal species. 


£ Out of their shell 
Soft-shelled turtles, as their 
names suggest, lack the 
characteristic hard, protective 
carapace of their relatives. 


Tube-nosed bat 


With a strange ‘smile’ and very weird tubular 
latess1ua lism e)geluaelel[aremice)aamiecmr-lesMmdal-mael olor 
nosed bat is one of those animals that’s oddly 
endearing. These medium-sized fruit bats of 
Weelavd lave ms) ol=cerl=tomer-] am oom celui alemiamanrcm lela) 
rainforests of Indonesia, Papua New Guinea 
and Australia. Like most other fruit bats they 
feed on fruit such as figs, as well as insects - 
the dispersal of seeds in their droppings is an 
important part of the forest ecosystem. 

AM aretsromant-lanlaat-lisw-] come lier-] INVarsxe) [1] avare) ai gelessie 
Tamsjaat-]imelqele) ossear-lalemevanclamant-l.<come| iil aleruee 
'a}(e] ate ©) | kei atom or-] | om kome)al-W-]alelual=)arel 0] alate] 
mating season. Like all bats, the tube-nosed 
variety uses echolocation to navigate. They 
Yaa) imes) ol=\ol hi (om ale) (s(=tom ©) Varro) niu g-lea| ale mualsii mie) (ers 
okey @r-]alemuat=lamlicik-laM|ame)ce(-lankem-lar-lhciomual= 
echoes to determine the space around them. 


—aee 


The tube-nosed bat has been likened to Star Wars 
character Yoda - it’s quite easy to see why! 


© Alamy; Thinkstock; Art Agecny/ Peter Scott — 
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How olive oil is made 


From branch to bottle, discover the fascinating process 
of extracting this delicious and nutritious liquid gold Washing 


The olives are washed 
hether added to the pan before with water to remove any 


cooking, or enjoyed straight out of the Ol ive oll Geena sl a may 
bottle with some fresh bread, olive oil 


isa tasty and versatile staple in kitchens all over ext raction 


the world. The majority is produced in the Follow the journey of the 
olives as they pass through 


Mediterranean, the olive tree’s native home, and a modern oil mill 
the process begins with picking the fruit. 

At least 4.5 kilograms of olives are needed to 
produce one litre of oil, and they are at their 
prime for only a few weeks a year, so picking 
needs to be done quickly. However, as olives are 
a soft fruit, they must also be treated with care, 
as any bruising can cause the oils to degrade. 
Large-scale farms use tree-shaking devices to 
encourage the ripe olives to drop, and then catch 
them in nets before they hit the ground. 

Once they are at the processing plant, the 
olives pass through several different machines 
to extract the oil. Here, speed is also of the 
essence, as once the olives have been crushed, 
exposure to air reduces the oil’s quality. Some , | 
plants can process three tons of olives in just one Vv | Refining 
hour. However, during the malaxing (mixing) | | The oil may then be refined 
stage, a longer mix extracts more oil with a more , — ; to reduce acidity and 

Fa = |e) MK) a al=sstoH ©) (ate (eval=re mae) 
developed flavour, so many modern systems use =f | Seay one 
closed mixing chambers full of a harmless gas, | A o i pesticides, or deodorised. 
such as nitrogen, to prevent oxidation duringa - 
longer mix. The amount of oil produced can also 
be increased by adding heat or more water 
during mixing, but this also reduces the 













































product’s quality. 
To be classed as virgin or extra virgin, the oil 
, Storage 
must be kept below 27 degrees Celsius during The ciliectarcd an 
processing to ensure that it is ‘cold pressed’. Once nitrogen-filled stainless 
bottled, it should be stored (for no longer than S18] CONSISTS Wo 
: prevent oxygen from 
two years) in a cool, dark cupboard to preserve breaking it down. 


its flavour and healthy properties. 


What Is extra 
virgin olive oil? 


Bi avcmrsce) commas (ae |ialenlameal=mar-laal-me)mcvolan(=me)lhVeme)l (s) 
refers to the way in which they were 
processed. They can only be given this title if 
ual oWe)| MUVCcISM=).40 r= (e1k=lem tal celle] am palzverat-lal (ere) 
iaalet-]asswcieloia ir-}om 8) a=s>s<J/ ale me) amelaU\-Jaliavemm-lalemaveys 
aevalal=ceMuidametal=lanl (ers) cme) auallelam arct-l eum mal= 
difference between virgin and extra virgin olive 
(o)] exe) a at=tome(e\ nam kom 4 atome)|\VcosoMmn al cell ame) |V=me)] MIS 
laar-le(muinamcii(elalanvaal el-)are)(hVctomal-lam ey ane 


Wil ae][aMmel hdl ale Mier- im ey-] (=) mrexe)(el0) ar-lale mom) [(e]ala hy 
higher acidity. Extra virgin olive oil is usually a 
(o(=Y=) 01-1 a=) | (ONO LMRe] aa\21a exe) (el0lar-lalemanlelcis 

(oro)a) t=] amalemaalela=mial-]amOMom o\-] arers) simr-lellel lava 
giving it a superior taste. 


034. | How It Works 


The process of extracting 
virgin and extra virgin olive 
oils is called cold pressing 


Waste water 
The extracted water contains 
(ol a{=1n al (ors] exe) an] eleelalescm uate] mers] am el=) 





extracted for pharmaceutical, 
raleld aiuto) are] -lalemeces=)aa\cid (om) e)e)i(er-1u le) aioe 
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Olive oil should ideally be stored in coloured glass bottles, which block out UV light and oxygen 





“Some plants can 
process three tons 
of olives MW JUST >. Millstones have been replaced 


with stainless steel rollers in . 


One hour’ _ > _ ™ lalele(=laame)| maniiis 





MELE ate 
orgy al tare] Water is mixed with the 
The olives are crushed paste for 20-45 
lave me|gelelalemialxek-melel|o nalialeleexomkomr-]|(e\Vacya are] 
using stainless steel oy] Me] ce) 0) (=1asm Komexolanle)ial= 
rollers, releasing the oil Taken o)(efe(=) are) alot 
lice) samaeme)\VMexe) | oe 


Removing debris 
Any leaves, twigs and 
other types of debris are 
iilinclasvemelUlmmdalcelece| a — a - = 
grids prior to crushing. | —_— i Pressing 

J at ae i Feclefialeyarcli\Amlam e)icler-me) i 

- > Beereremidnemratweellents 

7 sandwiched vertically 
between layers of hemp 
ante ec¥r-] ale Bye |6(=\2¥4210 Ke) 
extract the oil. 


DY eters] aya lale| 
FANCMVVFo 1X2) ar- late Rey] melon alle 
mix they can be easily 

) separated from each 
fold ats) ar-] aroma aewcye) lle! 
laateltcl ate] mrelinalelele|amanlis 
ante Ware] Sem elome(e)al=Mulsy ale! 
a centrifuge. 


© Thinkstock; Illustration by Adrian Mann 





Oey aldevitrer-lace) al 

Tatsimey-(eMe)ime(c\or-laldiave maa lessis Pomace 

modern facilities use a The solid material extracted is 
centrifuge that spins at fore] |(=Ye ole) pat-ler=i-] ale mexe)alte| lacie) 
high speeds to separate low-quality residual oil that 
dal=Me)| Mice)aamenem ele) |e” can be extracted later. 
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How does wind 
create waves? 





Friction between air 
and water molecules 
transfers energy from 
the wind to the water 





Explore how energy passes through water 


to help shape our coastlines 


he constant rolling waves that ripple 

across the ocean may look as though they 

are transporting water from one place to 
the next, but this isn’t the case. Although the 
water is certainly moving, it’s only ina circular 
motion, ending up back where it started to begin 
the process again. 


Wind blows 

The wind blowing over 
the surface of the water 
causes friction, creating 
a continual disturbance. 


Energy transfer 
Energy is transferred 
from the air to the 
surface water, causing 
the surface mass of 
water to rotate. 


Circular wave 


The one thing waves do move forwards 
through the ocean is energy, which comes from 
the wind that starts them off. They can transport 
this energy for thousands of kilometres across 
the globe, until they eventually reach land and 
use it to shape the shore through erosion or the 
deposition of material. 


Beneath the surface 
A column of water below each 
surface wave completes the 
same circular movement. 


The water continues to move in 
a circular motion as the kinetic 
energy is transferred through it. 





Breaking point 
Eventually, the wave 
becomes unstable and 
comes crashing down, 
transferring its energy 
into the surf. 


In the shallows 
The lower part of the 
wave slows down and 
compresses, forcing the 
crest higher. 










































OID YOU KNOW? Tooth marks and droppings are also signs of where an animal has been recently 
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! ae, Water vole 
vs Vole tracks are left in mud close to 


water. Their front feet have four 
toes and the tracks look like a star 
shape. Their back feet make longer 
impressions, with five toes. 
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Coyote >, ilials: ; 
Coyotes leave tracks ina Ld fi 
straight, narrow line thanks to 
their trotting gait. The tracks 
look like a dog’s, but are slightly 
more elongated, with a larger 
gap in the centre between the 


pad and toes. 


Squirrel 
Squirrel’s feet are perfectly adapted for 
climbing trees, with strong toes, long 
claws and fleshy pads to aid grip. In snow, 
all of these features show up in their 
tracks, but on dirt or mud it’s often just 
the pads and claws that imprint. 


ie Ce 


>) Gen 'Betclmeloy oy-\ cp ictlm-leleneltewiic 
all have in common? They are ~ 
all perfectly adapted, 
. essential appendages that , 
‘4. animals rely onto hunt, 
| eatandinteract 4g Raccoon 


The super-dexterous raccoon 
has long fingers and toes used 
for anything from picking berries 
to opening bins. The back paws 
are usually slightly longer than 
the front, and all four feet have 
long, sharp claws. 





Otters have five toes around a 
large pad. On soft ground 
their tracks are very 
distinctive due to the strong 
webbing between their toes. 
However, on harder ground 
otter tracks look very similar 

to those of other mammals. 





Raven 


Red fox Snowshoe hare Flexible feet with three front toes and one 8 

Similar to dog prints, fox tracks are always more precise. Thick-furred feet help these hares to hop across deep snow extending behind (an anisodactyl arrangement), ce 
Their prints are smaller than dogs’ and more triangular- without sinking or getting cold. Their tracks show two small these birds are known as passerines, or perching & 
shaped. If it’s winter and the fox’s fur is thick this may fore feet followed by two larger hind feet that are wide with birds. Specialised tendons in the claws lock the e 
obscure imprints of the claws and be visible in between pads. elongated heels and spread toes - like snow shoes. legs in place when they’re gripping abranch. 6 
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cal gine ae 


What isa 


* weather 
bomb? 


Weather bombs cause converging air 
to rotate at high speeds, resulting in 
very severe gusts of wind 







































Learn how intense 
low-pressure systems drop — 

Storm Doris, which struck the UK in February : .. 
severe weather On US 2017, was classed as a weather bomb ‘ 


hen astorm hits, meteorologists may 
refer to itas a weather bomb, but this 
isn’t just a dramatic name given to all nt 
severe weather events. A weather bomb is in fact ag, OOS 
the unofficial term used to describe a particular | 7 


type of low-pressure system that can result in net? 
damaging gusts of wind. Sept 

Low-pressure systems occur regularly across eae | 
the planet and are caused by warm air rising a : id 
from the Earth’s surface. They generally lead to — “ : 
unsettled weather conditions, as when air rises, erie 
it cools, causing water vapour to condense and oa ae 

a 


form clouds. However, when an area of low 
pressure passes beneath a powerful jet stream 
of rapidly moving air high up in the atmosphere, 
it develops into something much more intense. 
The jet stream removes air from the column of 
low pressure, reducing its weight so that the 
pressure at sea level falls even further. If the 
pressure drops by 24 millibars or more overa 
24-hour period this is described as explosive 
cyclogenesis, which is the official name fora 
weather bomb. 

As the falling pressure sucks in more air, the 
column begins to rotate faster and faster, 
resulting in strong winds that peak over a period 
of a few hours. These winds can be powerful 
enough to blow down trees and cause structural 
damage, putting members of the public at risk. 
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BE INSPIRED BY NATURE 
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SDA 
i, Fp Srardo diser Piero da Vinci was the 
Inf epitome of a Renaissance man. While 
’ Lee 


Ss renowned as arvartist, da Vinci was also a 
( Yhilliant scientist and engineer. Beyond his 
fpdows paintings, such as The Last Supper and 
fhe Mona Lisa, da Vinci's journals reveal a range 
j of studies and observations, from anatomy to 
astronomy, and palaeontology to philosophy. 
The Renaissance (‘rebirth’) was a period of 
cultural revival, which began on the Italian 
Peninsula in the 14th century as the Middle Ages 
came to an end. Da Vinci was born in 1452 intoa 
world that had become more accommodating to 
new ideas. A year after his birth, the capital of 
the Byzantine Empire, Constantinople (now 
Istanbul), fell to the Ottomans. As talented 
scientists and artists escaped the war-torn 
Bosporus to seek safety in Italian city-states, the 
country became a hub of learning. One city the 
fleeing scholars settled in was Florence. 


O40 | How It Works 


uch more than just a painter, the famous Renaiss 
lymath invented a plethora of marvellous machi 


Here they were encouraged to study and 
invent by the ruling Medici family, who happily 
bankrolled learning centres all over the city. An 
intellectual and cultural revolution began; new 
technological and scientific ideas were spread 
AVotmoWelcliebeqe)sommelcwacrecrelmuensseleleyemeyauels 
printing press, as Europe began to catch up with 
academics from the Islamic world. It is likely that 
the inventions and creations of other 
Renaissance men like Mariano di Jacopo (also 
known as Taccola) and Filippo Brunelleschi 
influenced da Vinci, who revelled in the idea of 
Renaissance Humanism, a notion that 
encouraged learning and built on critical 
id avbevcenatcmastcimelorencnaat-imer-lomcie.teaetclccrombeneel= 
NW CeXobTenvclm ol-valelen 

Da Vinci's most famous works are his 
paintings, but he was also a creative and 
talented engineer and inventor. The rediscovery 
of his codices in the 19th century revealed plans 


iment 


for an array of contraptions, from i 
tanks to flying machines. His ideas were®™ 
influenced by classical antiquityand 
observations of then | World. Forexample, 
a tortoise shell was t 4 for his 
armoured car, while sefvations ot birds, bats, 
flying fish and even plants 
designs of his various flying machines. 

His ideas were ambitious, but they were 
grounded in logical calculations based on 
eCvalsbalena elcreyalcrcesbelemect-iaelsyaet-inler-0me)eberele) (acm 
For the most part, these designs were only held 
lof= Tel al ona olen nero ob ele) loycalers Dw acrsina (esleyelcne) anal: 
time. While many of da Vinci's manuscripts 
were inadvertently destroyed after his death, 
over 5,000 pages of his journals still exist today, 
providing us witha glimpse into the mind ofa 
man ahead of his time. Leonardo da Vinci may 
have died 498 years ago, but the legacy of his 
creativity and innovation lives on. 
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Da Vinci wrote about his aerial screw 450 years before the first helicopter, the VS-300, took to the skies 











Aerial screw 


An ambitious flying machine 
that helped inspire the 
modern helicopter 


Scribbling in his notebook circa 1489, 
da Vinci envisioned a spiral-shaped 
contraption that could take to the 
skies. Possibly powered by hand cranks 
turned by four people, his writings 
suggested that the aerial screw could 
achieve flight by rotating quickly 
around a central shaft. Da Vinci 
believed that air could be compressed, 
so just as a screw bores into the 
ground below, his machine could ‘bore’ 
into the air above to lift his machine up 
off the ground. 

Unfortunately, materials that were 
strong and light enough for the device 
to work were not available at the time. 
What’s more, it would not have been 
able to fly for long, as once it was off 
the ground, the screw would no longer 
have a support structure to press 
against in order to keep spinning. It 
may never have made it off the ground, 
but da Vinci’s innovative aerial screw 
design was the first to study the 
potential of a rotating spiral for flight. 


‘Da Vinci s most famous works 
gre his paintings, but he was 
also a creative and talented 
engineer and inventor” 


AMA elrelsiavace (ers) 

DY MAA Tale] ows ale) K=so¥r-] eM) else] AVM AT=) 
use of iron wires about five 
centimetres in diameter. It’s 


fe)a=io|Corksvemuat-lemaalicmyyelel (em allie 
made the device weigh up to a ton. 














Frame 
DY MAVAT ayer laueslarel=cem ce)am alls) 
: la a-lo1ali arom cen ol-Mexe)aicjaguleinve 
=~ Bbice)nam-mitelaim-laremel6)e-]e)(= 
material, such as pine. 


Lever 


The wing was curved 
and the pilot would use 
pulleys to flap rapidly 
and repeatedly. 
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Da Vinci dreamed of mechanisms 
that would enable humans to soar 
through the sky 











Materials 
DYc MAYA alol nsw ale)nssom aalslalale)ammats|mual= 
al=)ib,@esxaxeau (oa mexel0| (eM ol-Maat-(e(-me)mlarsyal 






treated with starch. This would help 
reduce the cloth’s porosity and make 
mane) qcm-l=)ceceh"aal-] gallon 



























Platform 

/molU am aal=lamanlen’.c\em-]aelelavemunrsmoley-|aep 
roLUKialialemuatslianictolmr-ler-]lacimanrem e)r-lacelgan 
to turn the hand cranks, causing the rest 
of the mechanism to rotate. 

















WOULD 
IT WORK? 


Despite resembling a 
fo) ge) Ke) AY, (= aT= 11 (exe) 0) =) ee 
NVA Tater ecm lanvcelaldceamyycelel(ematels 
have made it into the air, 
partly because the power 
to weight ratio was 
So low. 


lame) aig - 
OFat=walllael(=melacexollaunclacvom[amualisy 
| study was to figure out how to 
'e) cole [Ucox= al(e] ame) acel0le]a ms) ol=\-\e im Ke) 
generate the required lift. 
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Ornithopter 


Enthused by birds soaring in the air, da Vinci drew . 
some inventive designs for mechanical wings 


Da Vinci observed birds and other animals in flight, and became obsessed with 
the idea of a contraption that would allow humans to do the same. One of his 
ideas was an ornithopter, which was powered by flapping mechanical wings. 
Da Vinci wrote over 35,000 words and drew 500 
sketches on flying machines. He understood that 
birds relied on both lift and propulsion to 
maintain flight, and that they balanced 
themselves with both wings and tail. He hinted at 
the idea of gravity and understood that flying 
machines had to be as lightweight as possible. 
His sketches demonstrate knowledge of 
aerodynamics, showing how airflow could be 
streamlined and how aircraft produce drag. The 
only drawback was the human body, which is 
simply not built to achieve flight on its own, nor 
muscular enough to power a mechanical engine 
for flight. 






WOULD 
IT WORK? 


O}galidare)oleclecmuaian 
lit] ©) e) [ave MYVlale kom at<\Vcom ola\elal 
ole 1m oleldamantelalarsvem-lare sti 
Vlalaatelalavsve Pam Maln’acer=]al ii 
work with the help of 
laMialelialse 
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= Da Vinci devised a number of = 
military mechanisms that could 
have revolutionised the battlefield 





Armoured car Turret 
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Da Vinci's concept could be considered a distant Seance ue edcllslaah 

and used it to view the battlefie 
Incorporating past designs for armoured weapons, da Vinci's tortoise-like cannon oS 
system had the ability to move over flat terrain and would have been powered by y A 


an eight-man team. Oxen and horses were initially intended to provide the power, 
but space inside the car was limited. The operators were protected by a slanted 
and sturdy covering, and a turret on top was used as a viewpoint to help the 
drivers navigate. The armoured car was a good idea on paper, but a number of 
issues meant it could never have worked. Like the aerial screw, the human body 
simply didn’t have the muscle power to move it, and the thin wheels meant the 
tank would easily sink in mud. 


“His ideas were ambitious, MIL Y: 
but they were grounded LI 
In logical calculations” yyy 
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the impact of enemy projectiles. 


Power train 
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car’s circumference, the 
guns could fire in any 
direction on the battlefield. 
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Bill Gates bought one of da Vinci's notebooks for $30.8mn [£esmn], making it the most expensive book ever! 


Rain of metal 
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seperate into several pieces, raining down 
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Wheels 

Despite including studs 
on the wheels to add 
friction, it is likely the 
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encased in a wooden 
"structure to hold it in 
place. Although it was 
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was not difficult. 


Springald 
Acannon intended to eliminate 
specific targets from the battlefield 


The springald was an artillery device that existed before da Vinci, but 
like many of his other creations, he built upon the idea. His version had 
the ability to fire in many directions both horizontally and vertically. An 
elevating arc moved the springald up and down, and when the desired 
height was achieved, it was held in place by a cylindrical peg. It could 
then be aimed to the left and the right. Iron and stone cannonballs, and 
even metal-tipped arrows were fired from the breech-loaded cannon. 
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lethal shards of metal on enemy infantry. 





Machine gun 


A multi-barrelled weapon that 
could unleash rapid-fire projectiles 
at hordes of enemy soldiers 


Cannons were important in Renaissance-era artillery. Da 
Vinci aimed to add maneuverability and extra firepower with 
his concept of a multi-barrelled war machine that could fire 
a dozen cannonballs at once. With wheels on its side, the 
portable muzzle-loaded cannon had a rotating body with up 
to three revolving rows of guns. One could fire while the 
other two cooled and were reloaded. The recoil would have 
been fierce, so the machine was equipped with a support 
bulkhead that held the main body in place. In one of da 
Vinci’s sketches, the barrels are arranged in a fan shape to 
give the weapon a wider firing range. 
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© Illustrations by Adrian Mann; Pexel; Pixabay; Shutterstock 


Paddleboat 























Da Vinci's notebooks featureseveral “@ 
ideas for complex yet workable 
devices powered by water 


This reciprocating-motion vessel was a huge 
advance on the oar-powered boats of the age 


With the absence of internal combustion 
engines, boats and ships in the 15th 
century were powered either by wind or 
by oar. Writing between 1487 and 1489, 
da Vinci reasoned that a paddle-based 
mechanism that used reciprocating 
motion (repetitive back and forth 
movements) would be far more 
effective. By replacing the oars with 
paddle wheels, it would be easier for the 
boat to travel upstream. 

The paddleboat wasn’t an original da 
Vinci idea; Italian inventors Taccola and 
Francesco di Giorgio had both looked 
into the concept before, but this was the 
most realistic and workable proposal 


“The inventions 


of other Renaissance’ 


men most likely / 


influenced da vinci’ 5 


own ideas” | 
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The operators alternately 
press on the left and right 
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yet. The operators would push down on 
alternate foot pedals, which powered a 
reciprocating-motion system, which in 
turn was transformed into rotary motion 
to turn the paddle wheels and propel the 
boat forwards. The principle was the 
opposite of a water mill, with the 
machine moving the water rather than 
the water moving the machine. 


1 Pedal 
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the two pedals. 
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motion produced by 
the pedal is 
transformed into 
rotary motion by a 
series of cranks, 
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3 Paddles 
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propel the boat forwards. 
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Da Vinci was fascinated by water and used 64 different words in his notebooks to explain its movement 
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Trunk 

The wood is put on 
a track that pulls it 
over the saw blade 
to be cut. 


Sawing 

The automatic saw cuts 
Uy omr-lareme(o\uvan lame llalst-le 
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The line of cut is 
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system to create logs of 
equal size. 


USED TODAY 


Ball bearings 
First seenina 
drawing in 1497, 
da Vinci based his 
idea on ancient 


Egyptians rollers 
that were used to 
transport huge 
stones up ramps 
to construct 

the pyramids. 


Energy conversion 
The rotary motion is converted 
Taken llarst-lmaalelde)ame)\var-Me-lnelaicis 
wheel, a pivoted lever that 
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fel g-xeai ola medal AMM alla ele] | Sma ale ise : Double hull 


(or-] qd t-le [=~] Wr- exe) a's} -] a] ms) oL=t=lem Da Vinci proposed 


the idea that a 
double hull would 
stop ships from 
sinking if its first 
was pierced by an 
enemy ship’s ram, 
a weapon 
commonly used in 
naval battles. 


Parachute 
Da Vinci devised 


Waterwheel i this combination 
pol at-lalat=lMeymaUlalaliavemyreleclg i > ) ™ Of linen cloth and 
powers a waterwheel that cs ; ' wooden poles 300 
powers the machine a ) ji years before the 


iualcolle] alt= Mceye-lavmnatels(elay | ; : first parachute 
| test. His design 


was tested in 
2005 and was 
proved to work. 


Robot 

Using a system of 
pulleys, weights 
and gears, da 
Vinci’s robot was a 
moving suit of 
armour that could 
move its limbs, 
turn its head and 
sit down and 





Pulleys 
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gradually move the carriage as the wood is sliced. 





- Mechanical saw 


—%= Another hydraulic invention that was designed cee 
to cut wood quickly and efficiently 
Noted down circa 1478, da Vinci’s mechanical saw was a rapid cutting Air 
device. The saw utilised the energy of a water mill to power the slicing of conditioning 
logs into wood. The wood would then be used for construction, particularly After being asked 


to help ventilate a 
boudoir, da Vinci 


in war time, where it would be used to quickly build military bridges (these 
bridges were easy to transport and could be rapidly assembled across a 


body of water to allow troops to cross). developed a 

The saw’s mechanism was relatively simple: a channel of running water mechanical 
turned a mill, and this rotary motion was transformed into linear water-driven fan 
reciprocating motion that powered the up and down sawing movement. The in 1500 that can 
mechanism also powered pulleys and crankshafts that kept the log moving be seen as 
towards the saw. Like the paddleboat, the mechanical saw had been thought a precursor 
of before but not in this level of detail. Once again, da Vinci took a clever to modern 
concept and improved it. * cooling systems. 
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(THE TAMING OF THE SHREW) 
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3 OOO MODERN INFLUENCE Yom 
Films and musicals based on Shakespeare’s plays include: Baas I ip — 
(HAMLET) Sa fe 

9 (ROMEO & JULIET) : i <¢ oC; 74a 
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The bard was also an actor and 


Shakespeare’s plays have 
been translated into over 
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used today: 


e Heart of gold 


pe an 
hag ST a Se een 


e Faint-hearted Ss 
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Candidate 
ghostwriters 


There’s a debate as to 
whether Shakespeare 
actually wrote all of the 
plays that are attributed 
Kom aliaame elksialate) 


ghostwriters include: 

SIR FRANCIS BACON S HAKESPEAR 

CHRISTOPHER MARLOWE The life and works of the world-famous 
Elizabethan bard and histimeless plays 





illiam Shakespearewas KingsMé€n) Theatre Company that 





(ohaTemeymaelswaslessimoyae)enile performed at London's Globe 
and renowned writers of Theatre. He popularised the use of 
all time. He was born in Stratford- non-rhyming iambic pentameter; a 
Recorded variations of spelling upon-Avon in 1564 and later moved_. verse with five sets of unstressed 
‘Shakespeare’, including: to London to pursue a career in syllables within ten-syllable lines. 
S H yAN P P E R E theatre. His plays were split into His most famous plays include 
tragedy, comedy and history and Romeo & Juliet, Hamlet and A 
S mAVAAe: E R D were often based around a main Midsummer Night’s Dream. Even 
S H yAN KE S P E character with a fatal flaw. 400 years after his death, many of 
Shakespeare was part of the his works are still performed and 
S H AX P E R Lord Chamberlain’s Men (later the studied all over the world. 
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James | in private shows. 


SHAKESPEARE WROTE 
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death is unknown, but 
evidence suggests he 
caught a fever. 





““l never see 
thy face” 


There are no portraits of 
Shakespeare confirmed to have 
been painted by observing the 
playwrite. The Chandos portrait 
(above right) is probably the most 
accurate, but we can’t be certain 

what the bard looked like. 
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DID YOU KNOW? The Romans used lead in water pipes, food containers and even make-up, unaware that it was poisonous 


Mining in Roman Britain 


The invasion of Britain provided the Roman Empire with new sources of valuable ore 


laudius’ invasion of Britain began in 43 

CE, and as his army conquered more 

land, the Romans gained access to the 
region’s rich mineral seams. Mining was an 
important industry for the Romans, who used 
the ores to make tools, jewellery and weapons. 
During their rule, iron, copper, tin, lead, silver 
and gold mines were constructed across Britain. 

The Romans used several different mining 

techniques, and pioneered hydraulic methods. 
Hushing was used to extract ore near the 


@ Iron 

33 iron mines existed in 
Roman Britain, with the 
majority in The Weald area of 
Southeast England. 


OTin 

With its operations centred in 
Cornwall and Devon, tin was 
mined to make coins and be 
mixed with other metals to 
make alloys. 


O Gold 


Roman Britain only had one 
area dedicated to mining gold, 
which was in Wales at 
Dolaucothi. The gold was 
locked inside seams in 
quartzite rocks. 


@ Copper 

The Romans already had 
copper mining operations in 
Spain and Cyprus, but it was 
still excavated to mix with tin 
to make bronze. 


O Silver 

Silver was only found 
alongside lead in Britain, and 
the two minerals were 
separated by being heated ina 
process called cupellation. 


© Lead 


Perhaps the most important 
Roman commodity, Britain 
overtook its closest rival Spain 
as the main lead producer in 
70 CE, causing miners in Spain 
to complain. 


Other minerals 

Coal, marble and stone were 
also mined. Coal was used to 
heat baths and hypocausts; 
very important for the 
Mediterranean invaders not 
used to wet and windy Britain! 
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surface, and involved redirecting a river to 
unleash a torrent of water that removed topsoil 
to reveal the metals. In other areas, strip-mining 
was used to extract shallow minerals by 
removing the overlying ground. 

Subterranean mining was a much larger 
operation and was only used to unearth the 
most valuable ores: silver and gold. Narrow 
vertical shafts were used to penetrate into the 
rock until ore was found, and these would then 
widen into horizontal tunnels called galleries as 


Mine locations 


The Romans extracted a 
variety of ores from sources 
across England and Wales 
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mining took place. Without explosives, fires 
were likely set in the tunnels to expand and 
crack the rock. The weakened rock could then be 
drenched in water, which caused it to contract 
rapidly and disintegrate. The workers, who were 
usually soldiers, slaves or local people, used 
stone andiron toolsin the form of hammers, 
picks, bars and wedges to extract the metals. 
Britain became a huge mining centre within the 
empire, and the scale and sophistication of the 
work was not equalled until the Middle Ages. 





12 per cent of miners under Roman rule died 
each year from falling rocks and lung diseases 


British gold mines 
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Roman-controlled Wales in 70 CE. The rich seam 
MiVeckoM ali alsvem oleldamelamaa(sMcillar-(esi-]alemelate(-\celnelel aren 
with shafts dug almost 50 metres into the ground 
using just hammers and picks. Water was brought to 
the site from local rivers via aqueducts to power 
machinery and help wash away soil to reveal the ore. 
A fort was built at nearby Pumsaint to protect the 
fanviarswelaleMiscm se] l0l-]e)(smere)anlanvevelim’mige)anm Ox-)in(em a-\",0) 16cm 
pxe) ante] amexe)iatcmcele ale Mi amual=W-]a-t-Mlalel(or-lucmuar-ls 
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century, after which the mine was largely abandoned 
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the site is owned by the National Trust, with parts of 


the mines open to the public. 
all 
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closed in 1938 
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Star 
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Js lbrexemmaneuiacrsbered (cre! 
strongholds were built 
as an effective defence 
against cannon fire 


oncentric stone castles were 

becoming obsolete by the 

15th century. 
Advancements in military 
engineering had created 3 
(of Dav ale) atsmershey-l0)(-neyi pap utr kS ss ay =~ : > . i | 2m ples! Sentry towers | oe 
stone battlements with ease. Si “Sime Eee Sco My, 4 . [Xm The North, Cockpit 
The solution was the star fort. OS tee Se Sy Re ee | “ vaVe ©) and Flagstaff a 


Ammunition dump 

The gunpowder store had & : Rt The Devil’s and Charles’ 

inner and outer walls to - > > ra / . 7 A a bastions were key parts of a 
shield other buildings in > ae a . — JOE a ~ A structure almost impregnable 
case of an explosion. oa 7) i — 7 to naval attacks. 




















First constructed in Italy, Se Se See Sa , Eh ape en Rem vee elie! Ce 
angled triangular bastionsallowed 9==-~“S" = Lom: x na , Met ha a * 4 f . LE e asic are of 
defenders to provide covering fire Sak. SS SS “hi i. i Se inland assaults. . 
from almost any angle with no ber, Say eee OR Ass Pe aS > ade 
‘dead space’ for attackers to shelter Sita eee 
in. The walls were made from brick, Xe v 
which was much more durable eR ee, NN . | sn aes 
against cannon fire, and were ae Oe bs Nee = te We Facilities i Th Pe aN ae 
sometimes several metres thick. 5 Ban SS hee See . Se! = The fort housed a garrison Se SS 
Star forts were replicated across the ss Ae —— = > re” | of up to 200 mee and Pens oa peat 4 

; ;  €F.>. OE ee ee eee 2 featured soldiers’ quarters, ee FETS 
world, and stood firm until the "Trig n ey lor - ec yy be parade grounds, barracks, reap Se 
Napoleonic era, when explosive G = = S Pe. | stables and even a hospital. é ae 


shells proved to be their undoing. ba S C / ons G | | 0 We d= < 


for covering fire= © 
Charies Fort from almost <<" s= 
How this 17th century Irish star fort 
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the factories that-were built —— 


during the-Industrial-Revolution— 





Lombe’s silk mull 


I Malar V(olalokcpalacimentcleet-bablsivemr-lene)aranerclmals)lercrel 
kick-start the Industrial Revolution in Britain 


n the early18th century, Italy led the way returned to Britain and immediately gained 

in silk production, with English machines a patent for these advanced machines that 

paling in comparison to their technology. could wind, spin and twist silk. The brothers’ 
WM oleyantstoe-belom (o)evew Meyesleycanucvacmanvier-tsjoeanels spinning mill in Derby was a huge success 


silk merchants from Norwich whowantedto andbecame the first factory witha 
learn the Italian trade secrets for themselves. continuous production stream. The Lombe 
In 1714, John travelled to Livornoto witness business, boosted by the new machines, 


it for himself. Working at one of the silk went from strength to strength and the 
shops, he was amazed to see the fibre being factory employed 300 workers at its peak. 
twisted and doubled by machines to forma iolebe@eyenlol-neb(srophemypypeceesmeleicieyey 
anloNiwenwebacr-lelcomis-basmmUseley-)cealeniisetsimuon nals which was reportedly given to him bya 
Italians, at night he sneaked into the shop female agent sent over from Italy as revenge 


and secretly made note of what he saw. John for stealing their trade secrets. 
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BOATY 
MCBOATFACE 








——— 


AFTER CAPTURINGOUR 
HEARTS, BOATY == 
MCBOATFACE |S NOW. 
ONIUNINGSO Vie 
SERIOUSLY COOL. ame 
SCIENTIFIC DATA Sem 









WINGS 


- The wings either side of the 
torpedo-shaped body help 
to steer the craft. 


TaMt-lcolauA@)Kommaat-m\t-lale)at-]molanviiae)alanl-lals Nese = " : | 
Research Council (NERC) ran a competition to Se a ~~ a 4 
name its new polar research vehicle. One ». d dil 
suggestion, Boaty McBoatface, caught the ‘ wet 
public’s attention and swept the popular vote. vy 
The NERC decided to name the ship itself after ~ ‘os »% 
one of the runner-ups, RRS Sir David 
FAN aela)ofe) collie] apm ole|merolan|®)ce)anlicy-\em o\/MUlci[aremmal= 
public’s favourite choice for one of the ship’s 
FYoxoro)anleyelanvdiaremelalaatclalasvemcie] lant=laciie) (=son 
Boaty is an Autosub Long Range vehicle, *- 
(o (=¥-] [6] alsxom no exe)|(=Xe1 ml [an] ele) a i-lalmel-it-m-]elelel: . 
foXex=¥-]al(omexe)alelin(e)atcmiamuatsm ele) t-]aa=\e](e)alcy Ci TITANIUM BODY 
(Ta) ofey-|aem ef-1un=)a (=m ©) ge)V(e(om=)ale)0 le] al ele)yi\(>) ance) s PUar ie OPaY. isunge etait 
e as it is both light and strong. 
Boaty to travel 6,000 kilometres at a steady 
‘OR Min alsiuqctom ol-) amcisvoro)ale mela M-)/ ale] (=e al-]qe(-eam Wale 
JU] oer] am aey-1an munis eler=t-] alow ie) al 0/omnom>)> @palealnals) 
lure md pase ele) a (elel(orelinvacisvaleliacemmal=mel-le- mit 
collects back to scientists via a radio link. With 
the data Boaty collects, researchers hope to 
better understand how the ocean is affected 
by climate change. 





CURRENT SENSOR 
The Seabird SBE 52 moored profiler is 


able to measure water conductivity, 
pressure and temperature and store the 


data using little power. _~'* ii 
= a, , 
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~~ “Boaty can rogm 
the oceans for 
up to six months 
ota time’ 
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RESEARCH VESSEL 
The RRS “lie Attenboro 
a rang@os g er 35,00C 


IRIDIUM SATELLITE LINK 


Boaty transmits its data via an iridium satellite data link 


- anetwork of satellites covering the entire globe. a ee 


FIBRE OPTIC SENSOR 


As GPS doesn’t work underwater, Boaty’s 
course is set on the surface. It then uses 
‘a fibre optic gyroscopic sensor to 
navigate when submerged. 


MEASURING FLOW 


Boaty uses an Acoustic Doppler Current 
Profiler to measure the speed of the 
current flow in the Antarctic Ocean. 


Wie 


RRS SIR DAVID ATTENBOROUGH 


When it launches in 2019, Boaty’s parent ship, the RRS Sir 
DY Wile AN aXe) a] ofe) cele le] aM /|| mu eksme)al=Me) ma a(omie) ale kom aa lescimr-Len\s-]alercte| 
polar research vessels. The 128-metre-long ship will be packed 


am VAVA14 aS} r=] Robxe) cold aster] @ Mood ny ale) (ole hVar-] ale Mm atchViom cele)an mike) mel om Kenol®) 





{ scientists. A key feature will be a moon pool; a four by * 
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THRUST 


The thrusters and propeller at 
the rear of the craft give Boaty 
small boosts of speed. 





BOATY’S FIRST MISSION 


AVAVd Vi (otd atom ad needed] am DY-\V(emAVan=)p]ole)gelUle|amicm-in | MUlale(=) arexe)al-iuguleau(e)aMmlaM\\/t-lcein) 
2017 Boaty set out on its maiden voyage aboard the RRS James Clark Ross. 
The sub’s first mission is to investigate changes to the Antarctic Bottom Water 
GAVANSAYAVD MAYAYal ale Motatelare(=som [almmal=MlA'(cle (els) | et-t-i-] coma ae)0 le] al mnem ol-Mor-] 0) alemual= 

AVA SAVAVI Woman on’iom nale)a=m e-])(e|\VAMu Malicmanl-].<(otom ie aale) acm dela ole] (-)aimr-|ave Mer-| Ulm nate) a= 
nal diaremuuieamdarcmc-]aaals)me).clal-\Vdlale myc] 82) eoem cetl0l iMate mlamvclasallarem-lare, 
contracting of water in the AABW. Boaty is currently patrolling the bottom of 
the Orkney Passage, just off the Antarctic Peninsula, helping to measure ocean 
turbulence in the area. The information it sends back will aid scientists in 
oleli(eliatemantere(=) (cma ar-] me) ale) iva ale) Var ]a(eM\VZaNadal=WAVA\ AA Ame) a(=Me) md alsMe(s\-) olcici8 
abyssal masses, reacts to these changing Southern Ocean winds. 
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~ Uncover the mysterious methods used to power the city’s 






s they tre 
streets, Sar 
appear to be effortlessly gliding along 


with no means of propulsion. Unlike traditional 
cable cars that hangin the air, these tram-like 
carriages crawl along the road, yet have no 
visible overhead wires providing power. 
Instead, they are driven by cables underground, 
(ofo) slab eloloursaveaenababbetsmbemlele)e\smol-yelcr-imemels 
tracks. All the cars have to do is grab hold of 
these cables using a grip device below the 
carriage that reaches through a slot in the road. 
Once attached, they get pulled along for the ride, 


and simply have to let go when they want to stop. 
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This simple yet 
driving the cars since they were first 
in 1873 as part of the world’s first p ractical (ets 10) (e) 
car system. By 1890, 23 lines had been 
established, but as buses and electric trams 
became more efficient, the service was scaled 
back. Today, it is the world’s last manually 
operated cable car system, and is comprised of 
just three lines driven by four cables; one for the 
California Line, one for the central Powell Line 
and one each for its outer ends: Powell-Mason 
and Powell-Hyde. 

The thick steel cables are driven by electric 
motors located in a central powerhouse and 








hour. As they leave the buildin 
slathered with pine tar, whichn 


smoothly. When the grip first takes hold, the tar 
acts asa lubricant, allowing the cable to slip a 
little through its grasp while the car gets up to 
speed. The pressure of the grip causes the tar to 
heat up and vaporise, eventually resulting in full 
metal-on-metal contact anda tighter grasp. 
Despite the added layer of protection, the 
cables typically only last between six to eight 
months on average. At the powerhouse, they 
pass through a strand alarm that signals to the 
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Cable car mechanics 


The inner workings of a cable car that 
make it stop and start 


Grip lever 

This lever can be 
pulled to close the 
grip around the 
cable or pushed to 
release it. 


Emergency 
brake 

Pulling this lever 
forces a 45cm steel 
wedge into the slot 
between the tracks, 
stopping the cable 
car immediately. 


Wheel brake 


Since 1949, g contest to find San Francisco's best cable car bell ringer has been held in Union Square each July 


‘ein 













Track brake 

This lever presses a 60cm block of 
wood - located between each 
wheel set - down onto the track to 
slow the car. 
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Cable 


Over 3cm in diameter, 
the cable consists of six 
steel strands made of 19 
individual wires, all 
wrapped around a sisal 
rope core. It’s driven by 
a 380kW electric motor. 
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Pressing down on this 
foot peddle pulls steel 
brake shoes against 


When approaching an intersection, 
the bell can be rung to warn 
motorists and pedestrians that a 


each wheel to stop 
them turning. 






cable car is crossing. 
———e 
=a - tee = t - 
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BLEASE HAVE 


Track 

Between the steel 
rails that the wheels 
run along is a 
channel containing 
the cable and a slot 
through which the 
grip grabs it. 


Grip 

The mechanical grip 
acts like a pair of pliers, 
latching onto the cable 
that pulls the car along. 
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Latch release 


Pulling this latch will hold T. ki h id 
the grip lever in its current a ing Oo 


position, even if the How cable cars adjust their grips to 
gripman lets go. traverse San Francisco’s streets 
Partial release 
_, When stopping to let passengers on and off, the grip 
Gripping lever is pushed halfway forward. This opens the grip 
As the grip lever is pulled back, the grip enough to let the cable slide through, but does not drop 
tightens around the cable and the car it completely so it does not need to be picked up again. 





accelerates. Starting is smooth 
because the cable is lubricated with 
pine tar, which allows for a slower grip 
as the liquid heats up and vaporises. 



























Grip 

The grip weighs 

148kg and features . 

two jaws that Gripped 

squeeze tightly The further back the grip lever 


around the cable. is pulled, the stronger the grip 


on the cable. Gripping the 
cable loosely will pull the car 
more slowly, while a tight grip 
will pull it along at the cable’s 
maximum speed of 15km/h. 











Adjustment rod 
To travel up steep 

hills, the grip can be - ay 
adjusted to squeeze 
even more tightly on 
to the cable and 
prevent slipping. 











Dropped cable 
Full release A in lever ora 
At cable crossings, dip in the track is 
Let-Go curves and needed to allow the 
the end of the line, grip to pick upa 
the grip lever is dropped cable. 
pushed all the way 
forwards to release 
the grip completely 
and drop the cable. 















The history of these 
icons of transport 


How a London-born gold miner’s idea 
revolutionised the Golden City 





1869 1873 1889 1892 
Andrew Hallidie first has the Hallidie’s cable-operated Clay By now, aseries of cable car Electric streetcars are 
idea for a cable driven rail Street Hill Railroad begins companies are operating introduced to the city, proving 
system after witnessing a public service and is later 23 lines covering 85 cheaper, quicker and more 
horse-drawn streetcar accident. copied by other operators. kilometres of track. flexible than the cable cars. 
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There have only ever been two gripwomen on the cable cars 


“San Francisco hosts 
the world's last 
manually operated 
cable car system” 


crew when a strand has come loose. The entire 
line is then shut down that evening anda new 
cable is spliced into the feed. 

As the cables travel beneath San Francisco's 
streets, they are held in place by a series of 
pulleys located along each route. Without them, 
the cables would rise out of the slots at the 
bottom of each of the city’s many hills, making it 
impossible for the cars to grab on. The pulleys 
keep the cables running along the bottom of 
their channels, lower than the reach of the cable 
car’s grip. In order for the car to grip it, it must 
either pass over a dip in the tracks, lowering the 
grip down to the cable, ora cable lift lever in the 
street is pulled to elevate the cable. 

The job of operating the cable car’s grip 
belongs to the gripman, who uses the grip lever 
to ‘take’ or ‘drop’ the ‘rope’, the colloquial term 
for the cable. It’s atask that requires strength as 
well as skill, as there are no markings indicating 
the amount of grip being applied to the rope. The 
gripman must be able to feel the grip’s position 
so that they know when a tighter or looser grip is 
needed. Focus is also required, as they need to 
adjust the grip lever several times on each trip. 


1906 


For example, when steel plates or bright 
yellow lettering painted on the street warn the 
gripman to ‘Let Go’, they must ‘drop rope’. This 
could be for one of several reasons, including 
that there is a pulley beneath the track that the 
grip could collide with or that the car is 
approaching a ‘Let-Go’ curve, where the cable is 
diverted around a wheel, or sheave. At these 
points, the cable is released and the car 
continues on its path using only inertia, before 
‘taking rope’ again on the other side. 

Asimilar process is required at the point 
where the Powell and California Lines cross. 
Because the California Line was built first, its 
cable runs above that of the Powell Line, and so 
its gripman can simply continue over the 
crossing as normal. However, ifthe Powell Line 
gripman did this, their car’s grip would collide 
with the California Line cable, causing a lot of 
damage. Therefore, when a Powell Line car 
approaches this crossing, the gripman must 
drop rope, coast across, then take rope on the 
other side. Today, this is the only intersection on 
the cable car system, but in the past there were 
many more. When the last line first opened in 
1891, its gripman had to drop rope 22 times. 

On the very rare occasion that the gripman 
fails to let go when prompted, there is a safety 
mechanism in place. As the car approaches, the 
cable will raise a bumper bar, which drops 
counterweights and turns the pulley against the 
cable. This causes an alarm bell to ring, alerting 





Grip operators 
require strength, 
coordination and balance 


the gripman to drop rope. If they still don’t 
release the cable, the bumper bar will then force 
it out of the grip, causing only minor damage 
that can be quickly repaired. 

The only other occasions when a gripman has 
to drop rope is when a Powell Line car has to 
release one cable and pick up another, or at the 
end ofa line. On the California Line, setting up 
the cars for their return trip is relatively easy 
because they are double-ended. A system of 
switchbacks and crossovers are used to get the 
car on the right tracks, and then the gripman 
simply has to change position as there is 
identical machinery at each end of the carriage. 
On the Powell Line, however, the cars are 
single-ended and so a turntable is used to rotate 
the entire carriage before it is able to continue 
on its journey. 





1947 


1982 1984 


The cable car service is 
suspended for almost two 
years while powerhouses, 

tracks and cars are refurbished. 


The upgraded cable car service 
begins operation and four days 
of festivities are held to 
celebrate the occasion. 


Mayor Roger Lapham proposes 
the closure of the cable car 
system, but the citizens vote to 
keep it running. 


A powerful earthquake destroys 
powerhouses, cable cars and lines, 
many of which are replaced with 
electric streetcars. 
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Formula E race 
engineer 





Josep gives Panasonic 
Jaguar Racing driver 
Mitch Evans a final 
brief before he heads 
out to the track 









Behind the scenes on DUT glare me) race, 
race day at the BE screen the 
electric-powered street a 


racing series 


osep Roca is one of the race engineers for 

Panasonic Jaguar Racing, one of ten teams 

in the FIA Formula E championship, nowin 
its third season. Josep has worked in motorsport 
for ten years and has engineered and toured 
grand prix cars in different championships 
around Europe. He was part of team that created 
the Jaguar I-TYPE, the car the team uses in 
Formula E. As race engineer, Josep’s responsibility 
is to provide the fastest car possible for every race 
and act as the link between the driver and the 
technical team. 


WAKEUP CALL 
5.20am 


Wearing my team kit, I double-check my 
laptop is in my rucksack and that I have 
my entry pass. I meet the rest of the team 
at reception and we walk together to the 
city centre racetrack, which is near our 
hotel. The adrenaline soon starts 
pumping and! mentally start to review 
everything we have planned for the busy 
day ahead. 


OPENING THE GARAGES 
6.30am 


We have one anda half hours before the 
cars are out on the track. All the work has 
been completed the night before so we 
just have to do system checks, confirming 
tyre pressures and switches and settings 
while also briefing the crew and my 
driver Mitch Evans. Headsets on, we 
prepare for the first practice session, 
which will prepare us for qualifying and 
the actual race. 


PRACTICE SESSIONS 


8am 
Mitch is strapped in five minutes before 
the lights go green. Radio checks are 


In Formula E, alterations to the car’s hardware are limited so teams have 
made as he warms up the tyres and the to make the most of their software to extract the car’s full potential 
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DAY IN THE 
LIFE OF 


brakes on the first lap. We then 
undertake our run plan, which includes 
170kW push laps, energy saving laps, 
200kW laps, switch settings and car 
change practice. We must gather all the 
data we can to validate our race strategy. 


DEBRIEF 
11.05am 


With the data from the practice now 
downloaded onto our servers, Mitch 
talks us through what he felt in the car, 
corner by corner for all the different 
setups. The I-TYPE needs to be ready in 
less than 50 minutes for qualifying, 
including charging its battery, set up 
changes and service. Quick decision- 
making and team coordination is crucial. 


ON THE STARTING GRID 
3.20pm 


After the qualifying session, we have two 
hours to get everything ready for the 
race. We prep both cars, re-run energy 
simulations and confirm the feasibility of 
our strategy. On the grid, I confirm the 
strategy and the switch sequences with 
Mitch. With five minutes go, I wish Mitch 
good luck and do our last radio checks. 


We're ready to race. 
Bi aycme-y-]an mae lam=val-\ae\Vaciianlel-1ale)alsem areal e)iale) THE RACE 
to make strategic calls in each lap 4.04pm 
= For the next 50 minutes, everything 


revolves around strategy, energy levels, 


“The roce revol VES droun d Str ategy, ener gu pit stop lap options and track position 
levels, pit stops and track position i versus competitors. At the end of every 


lap, Mitch relays back his energy usage 
a 4 Josep’s job is to help Mitch achieve the fastest eee the radio. I cross check this figure 
lap time with the lowest energy usage with our energy strategy, recalculate if 
met 4 required and relay back what we need 
. him to do for the next lap. This is the 


most intense part of the day. 


ONTO THE NEXT EVENT 
5pm 


After the chequered flag is waved, we 
have the race debrief with the full 
engineering and management team. 
This is when we discuss how the race 
went. Cars, tools, spare parts, garage 
structures and equipment are putin 
their transport boxes ready for the next 
event. My day comes to an endasit 
started, with a quiet walk back to the 
hotel while mentally recapping the 
incredibly intense and exciting day that 
we have just been through. 





© Panasonic Jaguar Racing 
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How superchargers and 
turbochargers work 


Which forced induction system is the best? We examine the key differences... 








tis likely that ifyou're a bit of a petrolhead, forcing more air into the engine per cycle. This As aresult, turbocharging is arguably the 
you will have heard the words ‘supercharger’ allows more fuel to be combusted, boosting the more efficient of the two processes since it does 
and ‘turbocharger’ at some point. But what engine’s power. not require power from the engine and the 
exactly are they? Turbochargers follow the same principle and energy being used in the exhaust stream was 
Beginning with the former, superchargers — aims as superchargers, althoughtherearesome _ otherwise going to be wasted. Plus, 
commonly referred to as a forced induction key differences between the two. The main one superchargers tend to be a lot more expensive 
system - are devices fitted toavehicle’sinternal is withregards to its power supply. While the than turbochargers, despite being easier to 
combustion engine that help it produce more power superchargers get is received directly install. Even so, due to the pressure 
power. To produce more power, you need to from the engine, turbochargers are powered by turbochargers exert on the exhaust system, they 
combust more fuel,andtodothisyouneedmore the exhaust stream running througha turbine, don’t tend to be as effective unless the engine is 
air. Asupercharger compresses the intake air, which subsequently spins the compressor. running at higher revs per minute (rpm). 


Superchargers vs turbochargers 


Stacking up the inner workings of these engine-boosting systems 


Channelling the air 
The air in the supercharger 
is trapped in pockets 
created by the rotors. 


Supercharger 









—, 
_ 





7 


wy, 


aN 
AS 



















us 


LL 
2 =~) 








Air pee 

compression a 0) 

Air is pulled 

through the inlet Both superchargers and 

and into the Into the turbochargers can be found in 

supercharger. engine high-performance sports cars Into the rots 
Once the air Here, the exhaust gas 
has been 









powers the turbine 
wheel combined 
< within the housing. 


compressed it 
is pushed down 


A 


Relieving pressure 
The actuator opens the bypass 


valve when the vacuum is high, into the engine. Engine power 
equalising the pressure The rotors are 
throughout the system. powered directly by 





the crankshaft via an 


Turbocharger secessory belt. ; | // SL 7 vy | \ 
<e 








“Turbocharging 
Is arguably 
more efficient” 













Into the compressor 
Ambient air is drawn into the 
compressor via an inlet. This 


; Releasin 

tee cans by the Out of the exhaust ane 
. p g : compressor Exhaust gas is 
8 Once the air is compressed subsequently 
F in the compressor wheel, it discharged through 
= moves through the system the turbine exhaust 
: and feeds the engine. gas outlet. 
© 
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The German supply of sausage skins — used In zeppelins — ran so low during WWI, sausage making was banned! 





Zeppelins were 
equipped with 
machine guns in WWI 





Zeppelins 


Inside the behemoths of the sky that were used 
as both luxury liners and deadly bombers 





irst developed in Germany in the late 19th precautions were undertaken, accidents did passengers enjoying 
century by Count Ferdinandvon Zeppelin, happen, most notably inthe Hindenburg leisurely voyages in luxurious cabins. 
zeppelins were rigid airships packed full disaster of 1937, which claimed 36 lives. However, at the outbreak of World War One, 
of lighter-than-air hydrogen. The lightest When they were introduced, these huge zeppelins were used by the German military as 
element on the periodic table was ideal for lift airships made long-distance commercial air bombers and anti-aircraft vessels, carrying out 
but was also highly flammable. Althoughsafety — travelachievable for the first time, with many bombing raids across Europe. 
Gas bags - Propulsion Movement 
The bags containing the hydrogen Hvd d for lift whil The airshi ee ds of 
vie: froravsauicaqe sins The ydrogen was use | or lift while e airships cruised at speeds o 
Frame hap blau gas - a gas similar to propane around 125km/h. A rudder managed 


guts of 250,000 cows were used to 


Metal girders ee 
construct each airship. 


and rings made 
up a zeppelin’s 
rigid skeleton. 


- acted as the engine fuel. the yaw (side to side) while elevators 
controlled the pitch (up and down). 


Gondola 
The passengers 
and the crew were 


accommodated in Impressive size 


the a ; The largest zeppelin of them all, 
surroundings o the Hindenburg, was only 24 
the gondola. 


metres shorter than the Titanic! 


A tipper truck’s hydraulic 
cylinders can telescope to tilt the 
8) steep as possible 





nside almost every cell in your body are 3 

billion letters of genetic code. Hidden among 

them are around 20,000 genes, which carry 
the instructions to make proteins. Some form 
structural scaffolding, like the collagen in our 
skin. Others are enzymes that drive the 
chemistry of the body. Some are messengers that 
transmit signals. And others are involved in the 
transport or storage of substances in and out of 
cells and tissues. 

When cells divide to make sperm and eggs, all 

3 billion letters need to be copied in order to be 
passed on to the next generation, so mistakes 
are inevitable. Changes to the genes result in 
changes to their proteins, and different 
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mutations have dramatically different effects. 
Imagine this sentence is a gene: “The quick 
brown fox jumped over the lazy dog.” If you 
change the ‘z’ to an‘s’ (known asa point 
mutation in genetic terms), you'd still be able to 
guess the meaning. But if you changed ‘f’ to ‘b’, so 
‘fox’ becomes ‘box’, the message completely 
changes. This is a‘missense’ mutation. 
Sometimes, a full stop is accidentally inserted 
part way through, ie “The quick brown.” This is 
known as a‘nonsense’ mutation, and 
it cuts the protein short. On other 
occasions, letters are inserted, or 
deleted, mid-gene. This shifts all of 
the letters along, changing the way 
the code is read: “The quiyx ckbro 
wnf oxjump edov ert hela zydog.” 










This is known as a frameshift. Parts of genes, or 
entire genes, can also be duplicated, completely 
deleted, or crossed together. 

Not all of the errors are good, but these 
mutations are the driving force behind 
evolution. Many are corrected automatically by 
the body, some end up being a slight 
disadvantage, and others can cause very serious 
genetic faults. But a few can prove to be 
beneficial, anda rarer few can lead to 
unexpected superpowers. 









“As with all complex 


genetics, the ACTN3 gene 
isn't the only factor” 
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A mutation in the gene for myostatin results in ‘double muscles’ by taking the brakes off muscle growth 
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_ Sporting talent isn’t just down to practice and | 
clean living - some of it is written in our genes 


) SUPER-SPRINTERS} 
























i 
7 
_ Theconstruction and function of number and effectiveness of the 
muscles depends on dozens of different different fibre types. Around one-fifth of 
genes, but there’s one that’s caught the people of European or Asian descent 
| eyeofsports scientists. It’s called ACTN3, haveanonsense mutation part way ; 
and it carries the instructions fora through their ACTN3 gene, cutting the ( 
protein called alpha-actinin-3; a protein short. The result is a deficiency in f 
_ molecule involved in high-force alpha-actinin-3. This seems to affecthow | 
i contraction of type 2 muscle fibres. well force is transmitted through E 
| 
Type 2 fibres, also known as fast- muscles, and how type 2 muscle fibres f 
| twitch fibres,areusedforrapidburstsof developinresponse to training. f 
ij fh 
| movement. They are powerful but they Asaresult,these peopledon’ttendto —— 
tire easily, andthey are criticalforsports beableto compete atthe highest levels F 
| like sprinting. Type 1, or slow-twitch of sprinting. If you look at elite athletes, | 
| fibres, in contrast, are betteratsustained the proportion of people with the F 
contraction and endurance. They’re not deficiency drops dramatically. ’ eiteeprintere ard 
' —asstrong, but they last much longer. As with all complex genetics, this gene | significantly less 
| Our muscles naturally have a mix of isn’t the only factor. Elitemalesprinters | X likely to have 
both, weighted according to what the are more likely to have the deficiency “ NG phuegiiciency 
J muscle is mainly used for, but there’s than females, suggesting testosterone 
| variation between individuals in the might override the pig aaa F 
| 7 co i a a eee nee ie oo aS Neral ). oa a ee “ Brerits ma Ce a. ees ea a Re Se 
SM AMM A i el i SMM md om AM AM AR Aa Mm aa MN A a a A. 
- Muscl | 
uscie Epimysium 
; 7 The entire muscle is coated 
fibres in a tough sheath of é 
= . . 
; collagen, which connects to — 
f explained bone via a tendon. 
) Muscles contain fast- 
_ and slow-twitch fibres 
} for bursts of speed or Muscle fibre 5 
| sustained contraction Me Each fibre is a long cell g 
- with multiple nuclei = 
i IN and packed with B 
d ' \ \. contractile proteins. a 
| . ; ° I 
i Perimysium a 







Each bundle of muscle 
fibres is covered by a thin 
sheath of fibrous collagen. 






Type 2 
Fast-twitch fibres are 

‘ thick and pale. They 

9 respond rapidly, but 
tire quickly. 
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Fascicle : 
Between 20-80 “=e 
muscle fibres are —— - Type 1 7 
bundled together to SSS =Slow-twitch fibres are 
form a fascicle. thin and red, and packed 

with stored oxygen for 


prolonged movement. 
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A quarter of the population can taste 
something that other people can't 


The tongue is coveredinbumpsthatare often, normal tasters, who are somewhere in 





mistakenly, called taste buds. They are between the two. 
actually small mounds of tissue called The variation is thought to be down toa 
papillae, and they come in four different couple of mutations in key tongue-related 
varieties. One type can’t taste at all, but the genes. The first is TAS2R38, which codes for a 
others all contain taste buds in their bitter taste receptor (a molecule that picks up 
hundreds, or even thousands. These taste bitter chemicals and starts the process of 
buds allow us to sense the five tastes: sweet, transmitting signals to the brain). The second 
sour, salty, bitterand umami. is gustin, which codes for an enzyme found in 
So called ‘supertasters’ are able to detect the mouth. Thanks to their genes, 
bitter molecules better than everyone else. supertasters end up with more receptors for 
There are also non-tasters, who are not able certain bitter compounds, anda heightened 
to detect certain bitter chemicals at all, and sense of taste. 


The best way to find out whether you're a 
supertaster is to taste a strip of paper coated 


"S LI p Cr tas te [S q re ina chemical called n-Propylthiouracil, or b,j - ‘es 
QO b | eC C O d et Pe ct b Itt e r Foor u. renaares the strips ne ve | 
mo | CCL | es be t ter intensely bitter, but to anon-taster, they taste | 


of nothing at all. Another low-tech way to find | a 

t h gn eve ry one e | Se " out is to coat your tongue in food colouring SS | 
and count your papillae - supertasters may @ 4) | 
have more than others. : 





Science of the super tongue a, Neds! 


Supertasters owe their super sense to extra 


papillae with more taste receptors Bitter receptor 


Supertasters may have 


Papillae more bitter receptors than 

The tongue is coated in tasters and non-tasters, 

rough bumps. There are increasing their sensitivity. 

four types, three of which CA) Gene TAS2R38 
contain taste buds. This gene carries the 


instructions to make a 

bitter taste receptor. © Carbonic 

Supertasters and anhydrase 6 

non-tasters have Supertasters 

different variants. produce more 
functional versions 
of the salivary 


= enzyme, carbonic 
as anhydrase 6 (CA6). 


Sensory cell 
The cells are coated 


4 in tiny taste hairs, 
covered in =~ 


Taste bud 
These clusters of 7. hab fA! e Gustin 
sensory cells are per ear ae Supertasters 
connected to have a | 
nerve cells. difference in 

the gene that 

codes for the 

© CA6 protein. a 


© Thinkstock; Illustrations by Alex Phoenix / Ed Crooks 
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D ‘NO The fruit fly equivalent of the DECe sleep cycle gene Is called ‘clockwork orange’ 


7 ARE, YOU/A'SUPERTASTER?2 
















Paint your tongue 
Using a cotton bud, coat the tip of 
your tongue in blue food colouring. 
This will make it easier to see the 
bumps - or papillae - on the surface. 










Set your circle 
Using a hole punch, make a hole in 
a small piece of paper and place it over 
your tongue so that you can see a 
round section of blue. 
















Count the bumps 
If you have fewer than 15 bumps, 
you are probably a non-taster. More 
than 35, you’re likely to bea 
supertaster, and somewhere in 
between, you’re a normal taster. 














Look at the dye a  —~- 
You'll notice that the top of each 7 Pons in tt gene affect 
bump is still pink. With help from a 

friend, a mirror or a camera, count the 
bumps you see inside your circle. 
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Brain-boosting 
mutations also 
benefitted our 
cousins, the 
Neanderthals” 
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© Thinkstock; WIKI; Shutterstock 


People with European or Asian ancestors often have between 1-2% Neanderthal DNA 






Small senet ibe: set 


us apart from our closest 
living relatives 


















We are who we are thanks to a series of genetic mutations 


Our genes are 98.8 per cent the same as the genes ofa 
chimpanzee. Although that difference might sound 
small, ina sequence of3 billion letters, it equates toa 
lot of code. 

We share a common ancestor with the other great 
apes. Around 10-15 million years ago, chimps, gorillas 
and humans didn’t exist. In our place was our shared 
primate ancestor, who contained an important gene 
called RNF213. 

The function of this gene is not fully understood, 
but a mutation found in modern humans leads toa 
narrowing of the carotid artery. This major vessel 
supplies blood to the head, and changes in the gene 
when our ancient ancestor was alive are thought to 
have helped improve blood supply to the growing 
brains of great apes. But the other apes didn’t 
develop human-like intelligence. More genes have 
contributed to the development of our cognitive 
abilities as time has gone by. 

Anarea of the genome called Human accelerated 
region 1(HAR31) evolved quickly after the ancestors of 
humans and chimpanzees parted ways between 5-7 
million years ago. It’s expressed in neocortex; the 
most recently evolved part of the brain. In chimps, 
the molecule made using the HAR1 code isa 
disorganised structure, but in humans it looks likea 
clover. This more orderly orientation alters the 
expression of other genes, changing the way that our 
brains develop. 

Our ancestors also ended up with a duplication ofa 
gene called SRGAP2, which allowed the nerve cells in 
the neocortex to make stronger connections. 
Changes later accumulated in a gene called FOXP2, 
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which aids language learning by helping us to 
convert our declarative memory (memory of facts 
and events) into procedural or habitual memory (the 
long-term unconscious memory that allows us to 
perform tasks). 

Allthree of these brain-boosting mutations also 
benefitted our close relatives, the Neanderthals. But 
after our ancestors diverged around 500,000-600,000 
years ago, more genetic changes continued to give us 
homo sapiens the edge. One was an edit ina gene 
called AHR, which helped to shield us from the toxic 
effects of smoky fires, and another was the 
duplication of a gene called AMY1, which codes for 
amylase, an enzyme that helps to break down 
carbohydrates inside the food we eat. 

Over time, these little genetic tweaks have allowed 
us to adapt to our changing environments, all adding 
up to make us the planet’s dominant species. 


lm lUlantclatcwe]avem(=t<]ale(=\auatcl me iiomaal-lie 
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Unexplained 
superpowers 


REFLEXES \ 


N 


DIFFERENTLY 


| Daniel Kish lost his eyesight as 
~ achild, but can ‘see’ with his 








RAPID 





Japanese Iaido master, Isao 


Machii, can cut a speeding BB 


gun pelletin halfusinga 
samurai sword. 


sec 


PHOTOGRAPHIC 






MEMORY 


Stephen Wiltshire can 
memorise and redrawa 
cityscape after only a few 
minutes observing it. 





UPER 
SIGHT 


Veronica Seider claimed to 
have been able to identifya 





. person from over a mile (1.6 


kilometres) away. 





ERICAL 
UMISTERY 


Daniel Tammetis able to 


memorise enormous strings of 


numbers, once reciting pi to 
22,514 decimal places. 
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” SEEING 






ears using clicks for 
echolocation. 
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Fresh bread smell 


What creates the aroma ofa loaf straight out of the oven? 


he mouth-watering smell of freshly baked 

bread is created by a complex cocktail of 

(ol aT=yeab(ers¥ mecoyany oreepererspeyacrenelacrononubaners 
the bread-making process. The ingredients used 
are a source of some of these compounds, but 
raw dough doesn’t smell particularly delicious, 
so other factors are needed to develop the aroma. 

Byproducts of the fermentation process, when 

yeast converts sugars into carbon dioxide, 
produce many of the main aroma compounc 
the bread’s crumb, while the smell and dee} 
brown colour of the crust are created inside the 


Freshly bakec 
chemistry 


DY E-Yoxe)'(=) aXe) pn(= Me) md al=) . 
rexoy an) lelelavetmant=ls 

contribute to bread’s 
fe (=) [for (ole cw=] ae) nate 


(E)-2-nonenal 
Produced in the crust, this 
compound also contributes 
to the odour of cucumbers. 


incense 


Can burning incense be bad for your health? 


eople have been burning incense for 
centuries, whether as part of religious 
practices or for its pleasant smell. There 
are two main types: indirect-burning and direct- 
burning incense, but the latter is more common. 
Indirect-burning incense requires a separate 
heat source, such as charcoal, to burn aromatic 
ingredients like sandalwood and agarwood, 
while direct-burning incense comes asa stick 
with aromatic ingredients adhered to it and 
burns by itself. These sticks are typically made 
of bamboo soaked in an adhesive material such 
as tree resin and coated with herbal and wood 
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oven. During baking, Maillard reactions 
between the sugars and amino acids, and 
caramelisation reactions of the sugar, contribute 
dale pubet-Umeepanlelevel=yelecne)au ele e)acrelotspitehelenarcbalel 
odour. The ratio of ingredients, length of 
fermentation and temperature of baking all 
sbovitolayelecnmacy-beslelobelme)u=r-lelekeeyaslerelepalemmatslmls - 
created, causir th type of bread to have its 
own unique arc 


Some companies sell 
diffusers and sprays that 
smell of fresh bread 








- Maltol and isomaltol 
These compounds are created 
as aresult of the caramelisation 
of sugars in the crust and adda 
sweet aroma. 









eu. u i ate 
if ped} et ao 3 ; oe 
ee Z 2-acetyl-1-pyrroline 
ee Formed during baking, this 
compound produces the 
roasted, cracker-like smell of 
y the crust of wheat bread. 





Methional 

Found in high levels in 
the crust and crumb of 
rye bread, this 
compound imparts a 


2,3-butanedione 
potato-like scent. 


More commonly known as 
diacetyl, this compound 
creates the buttery smell of 
the bread crumb. 





powder and fragrance materials. They are used 
in temples and homes throughout the world, but 
a recent study has found that they can also be 
atsVAcNaeleercm io) melubm@els-sleee 

Burning incense releases particle matter into 
delce-Obomuebleeme-Remmel-Jemolsmevacrclmalcomnen.belel 
trapped in the lungs. Some of these particles 
have been found to be highly toxic and contain 
chemical properties that have been linked to the 
development of cancers. Therefore, it is advised 
detclmolenmavbercmbale-etsious) elelbs(omel-meleyeCcmeeinelele)acne)e 
ina well ventilated room to reduce exposure and 
thereby lessen any potential health risks. 
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Newton was temporarily removed from school by his mother, who wanted him to become a farmer 



























First Law 

The forces acting on the stationary 
rocket are balanced. The downward 
pull of gravity is matched by the 
upward push of the ground. 





Isaac Newton’s famous Laws of Motion f 
explain what happens to objects when { 
forces are applied. A force is a push or a 

'o)U||Pm Il come] eo) 1 AVAmia ead (e)ake)anat-\eja(-l0ciaep 
They can’t be seen 

directly, but their effects 
can be measured; they can 
change the speed, shape 

(o) mel [czxoi (ola elm anre){-lanlcvall 

(o) r= 1a ele) (sei mire] ae mUa Nae lae 
responsible for pressure 

and weight. Newton’s three 
laws describe what 

happens when forces are 
balanced or unbalanced, 
lave K=y<0)t-]iamuat=m(e(cv-Ke)m=re|6r-]| 
and opposite forces. 


OES SHEE aS ee 






At rest 





Newton’s First Law explains 
what happens if the forces f 
Fe\o1 i] ale me)als]ake)e)(=\e1 m= aou ey<|t-lalen=e a lila 
object is not moving, it won’t start 
moving. And, if an object is already : 
moving, it won't stop. This tendency is i 
known as inertia. i. 
Newton’s Second Law describes what 
happens if the forces acting on an object 
Fe] goMUlnloy~]t-]alexcre Ml | im pale)goWie)gexcwicw-]0)e)|(=1e N/a 
folaleMe|inave1i(e)a ms a(=Me)e)(=\e1mlV/|| §a(exexs)(=)g-1k=5 ; 
The more unbalanced the forces, the 
faster the object will accelerate. The 
more massive the object, the more force 
that is needed to make it move. 
Newton’s Third Law explains that for 
every action there is an equal and ‘ 
opposite reaction. Forces come in pairs; if 
one object exerts a force on another, the 
first object will exert an equal force in 
return. A simple example is the recoil ofa 
gun; as the bullet flies forwards, the gun # 
kicks back. i 
Newton’s laws first appeared in his 
masterpiece, Principia, in 1687, and he tr 
developed them to explain why the orbits # 
of the planets are ellipses, not circles. fi 


A portrait of a 46-year- 
old Isaac Newton, 
painted in 1689 


Gravity 


Normal force 
The Earth exerts an upward 
force on the rocket. 
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SIR ISAAC NEWTON WAS A MATHEMATICIAN, 
PHYSICIST AND ASTRONOMER, BORN ON 
CHRISTMAS DAY IN 1642 (ACCORDING TO THE 
OLD JULIAN CALENDAR). HE DESCRIBED THE 
MECHANICS OF THE UNIVERSE WITH MATHS 
AND EQUATIONS IN HIS BOOK, THE 
PHILOSOPHIAE NATURALIS PRINCIPIA 
MATHEMATICA (COMMONLY KNOWN AS 
PRINCIPIA). HE EXPLAINED THE CONCEPT OF 
GRAVITY, AND SHOWED THAT EVERYTHING 
IN THE UNIVERSE IS GOVERNED BY THE 
SAME PHYSICAL LAWS. HE ALSO WORKED ON 





Newton’s First Law describes what 
happens when forces are balanced. 
His Second Law describes what 
happens when they are unbalanced. 
The Third Law explains forces acting 
in equal and opposite pairs. 
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' Newton’s Laws in action 


A ac=m = \"\Comeo) mV Cord(olamece)’(clgamaat=Manle)’(-lenlclalme)m=\\(2)avanelialem-laelene mer 


Objects with mass are 


attracted to one another 
by the force of gravity. 


== = SS >" 
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ON THE UNIVERSE AROUND US 


Second Law 
As the engines fire, the 
force of the thrust is greater 


than the force of gravity. 
They become unbalanced 
and the rocket accelerates. 


Air resistance 

A frictional force acts 
on the rocket as it 
moves through the air. 


Applied force 
The exhaust from the 
engine applies a force 
beneath the rocket. 


Thrust 


Exhaust 


v 


Third Law 

The force that pushes 
exhaust gas out of the rocket 
is matched by an equal and 
opposite force - thrust. 
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AND HIS IDEAS ARE STILL IN USE OVER 300 
YEARS LATER. 

HE WAS ONE OF THE GREATEST SCIENTISTS 
EVER TO HAVE LIVED, BUT HIS 
ACHIEVEMENTS DIDN'T STOP THERE. HE 
BUILT THE FIRST PRACTICAL REFLECTING 
TELESCOPE AND WAS ELECTED AS A MEMBER 
OF PARLIAMENT. HE EVEN BECAME MASTER 
OF THE ROYAL MINT, IN CHARGE OF THE 
PRODUCTION OF ALL OF BRITAIN’S CURRENCY 
FROM 1699 UNTIL HIS DEATH IN 1727. 
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|e) alo) atoe-b elem ole)ule else; bam oy (ecarel 
with chemical science, but do 
they live up to the hype? 


44. 


Mattifying makeup 
Mattifying makeup products attempt to 
Maalialianlisxewcialiavem o\valacealecel (ate miare|ccvel(slalas 
that absorb oil and water. Clays are made 
lige)anmey.4'4e [21a me) me).a'.e[=1a-]alemalycelcele(=ial ‘ 
(aie [ceoy-aV me] cole] os-)r-]ale Wr-laag-lale(=ce mi aiKe) 
crystals with four or eight sides. At the 
centre of each is an atom of silicon or 
aluminium. These structures form sheets, 
and it’s between these sheets that oil and 
water become trapped. Mattifying agents 
can be found in a variety of products, 
Tatei [Ure | [ayem eXe)ue(lasemxelelalel-1a(e)aicem (elie) aioe 
balms, gels and sprays. 

Silicone elastomers are a synthetic 
alternative. They are made from chains of 
J | [oxo] al=vmor-]q ole)aMmalye|gele(=lam-lalemey.avcercial 
strung together to form branching webs. 
These expand when liquids are added, 
helping to lock moisture away. 





Anti-wrinkle creams 
mage) K2)[ahcw- | a=W dal om a at-] (eam ol6l|(el [ave me) (ole! come) mual-m all) aal-lam elete\var-lare| 
collagen and elastin are two critical types found in skin. They 
form a web-like scaffold that holds skin cells in place; collagen 
provides structure and elastin provides springiness. However, 
as we get older, we produce less and less of both, and skin 
starts to lose its firm, flexible texture. 
Oyat=wsxo)l01dro)am=)an) ©)(e)\{2\em ©) mexesan 21d (exe t-]p 1m omne) 
add fragments of protein to their creams. This helps 
1Kom<yaalele)damelereny/dinl.¢(=sm 01m 0) ge)ey-]0)\Vmalolmlamuat= 
NAV NVAMYAOLU AV cla omey.40lcloau| ale Mmatcl dale) audal-lauasley-lialaremunrs) 
fore) | F-le[=1amr-] are m=) roi a msor- mie) (el lave mmual-Mie-le)aals)ales 
Vo) @ obValianl®) ce) al ale mol qiamecy. adel comice)aamual-molllecj[e (=m 
mi at=\vae(oke)amel-)aa)em-]alemi(=>4)0)(--lalem-somual-\Vaelavmelele 
they tighten up. This tugs on the skin beneath, 
1=1pa) exe) g-] ai \Vacipaleceldaliaremeleimua-Muvalald(cice 















0 
“exfoliating 
washes contain 

fragments of 
~ sugar, nut shells » 
or plastic thatact ~ 


gs abrasives © 
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i aTixelaliale mxefeyaal oy- ine 
A dalixelaliaremmelelualey-lsinsmi(e) a @ il <om-maelelelam eye) lap 
using abrasive grains to scrape away the film of 
loy-Yoane)at-W-lalem e)(elaniclalecmuar-lmece)aldialer-l| Nm eleli(elsme)a 
the surface of the enamel. However, they can’t 
change the colour of the teeth beneath. For teeth 
ViVZali k=) @udar-lalr-Mal-]40le-] Mj ar-lo (ome aiclan|(or-]me)(=y-leraliale 
is the only option. Whitening strips contain 

fore] of-]anl(e(om el=)a0),4(e(=MmVal (eval elasy-l.comele yin 
chromophores, the parts of molecules 

iets) oXe)arsi|e) (= ce) mndals)i mere) (eel a 
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The ancient Egyptians used oils on their bodies and painted their faces with coloured minerals 
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rea mascara 
NV FeksXor~] a= exe) (o]U] amu aloM=N'{21l-lal=som Uc} [ale m o)(e]aatclal acm comer-]a ole)al 
1o) F-\ol al Cn at-le (om o\Vmdavom |alexe)anle)(inom oll) gallate me) m elsingete a(=)anl(er-]i-]ale| 
Tae)amey.4(e(=som Qual (eva mexe)aa\=WlaMvs-]a'dlale Bjar-le(2\me) ml cave Wr-lalem o)ge\"/0) 
For ease of application, they are suspended in oils, waxes and 
water, forming a paste that can be spread onto the lashes with 
a brush. These carriers include beeswax, shellac (a type of 
ix=ss| a gat-\¢ (om o\vat-lom 0] 0 les>) mm t-] ale) [lam Gige)aam-al-\-) ©) i-]alem ey-le-)ii lan 
Waterproof mascaras tend to contain more waxes and oils 
than their water soluble counterparts, helping them to resist 
moisture and stay on the lashes longer. But, because they’ve 
been designed not to dissolve in water, they can be a challenge 
to wash off. Oily makeup removers help to dissolve the waxy 
carriers that stick the pigments to the lashes. The mascaras 
themselves sometimes contain lubricants, like glyceryl 
stearate, which help the mixture to stay slippy. 





Makeup primers 

Primers contain lots of 

Tate [ayel(=laleomual-]ar-]/aameen.<at2l) 

inate] ,¢o10] om (exe) diate Migets)al-]| Mel-hVA 

Silicones help to absorb moisture 

and oils, while waxes and polymers 

form a bridge that sticks cosmetics to 

the skin. Spherical silicone molecules 

forey- 1 Kale MUU Ma maie-lalielanmel(e).<(e(oMalcl/om Koel iMiUlom [(e]nlemevVZ-lallare] 
out blemishes and creating an ‘airbrushed’ look. 











| Exfoliators 

The skin is in a constant state of renewal, and as 
new skin cells are made, the old ones flake away. 
Exfoliators help to rub these from the surface, 

fa ate) diate mual=mol.diam (ele).@-janleleluat=)ar-larem olale|alacie 





Removal of the — Facial scrub 
oldest dead 4 


skin cells 





| The textured surface of a washcloth is 


enough to gently scrub away some of the 


f, surface cells, but many treatments offer a 


fet] (en"d ome) t= e1 dour lelo) MKeMelg=\-] (a 






# deeper cleanse. Exfoliating washes 


orolal tl [ame lan ali e-le ants) nlesme) mie [er-] emel glial Epidermis - 
nut shells or plastic that act as abrasives. * 


Chemical peels use acids (Commonly 


~— Abrasive 
~ materials 


Dermis / 


Wirero)ayage)|(=tom ole] aamur-lavoManl(eicete(=\anat-le\e-lsile)al 





uses a rough rotating brush to scrape away 


even more of the skin’s surface. 
Hypodermis . 
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Shimmery shadows 
a Bat=melliaus)ar-laemcjals\clamia 
eNV{ess) ar-le fe) wecw-] ace allelalice|ainclas 
om anvessimrexe)anvaneyalivaanl(or- mele 
o)isjanleidamey.4¥cera) (e)a(e(omm \V/ilere) 
bends the light as it hits, 
WAV ali kom elite aleidamey.a'coin) (elale(= 
has a pearlescent 
appearance. If mica is 
oro)galoviarcromuyidameleclalielan 
dioxide the way it reflects 
Ke] sexes a¥-lale(stcmmerg=t-lalale 
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Ow 
perms 
work 


The secret to perfect curls is 
some simple hair chemistry 


perm, or permanent wave, isa style 

created by exploiting your hair’s 

chemistry. Hair is made from flat, 
overlapping cells covering a core of fibres. These 
fibres are made from a protein called keratin. 

Keratin is made from small units, woven 
together into two-stranded coils. Four of these 
coils are in turn coiled together, and these are 
joined end-to-end to make structures called 
protofilaments. Eight protofilaments wind up to 
make up intermediate filaments, which clump 
together to make macrofilaments, which are 
glued into strands by the fatty membranes of 
spindle-shaped cells. It’s these structures that 
are key to curls. 

The keratin molecules contain a component 
called cysteine. It’s an amino acid - one of the 
building blocks of protein - and it contains 
sulphur. Asulphur from one cysteine can forma 
strong bond to asulphur from another cysteine, 
which means that neighbouring keratin 
molecules can become linked together. 
Depending on where these tiny links are made, 
they could hold the hair poker straight or twist it 
into ringlets. 

Cold perms use a chemical called ammonium 
thioglycolate to break the bonds so that the hairs 
can be twisted into a new shape. Then hydrogen 
peroxide is added to allow new bonds to form 
between the strands, setting the curl. 











Rollers help to 
set the hair into 
its new shape 
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Vomiting centre 
The area postrema in the 
brainstem receives signals 
from across the body. 


Psychological 
triggers 
Sensory and 
emotional triggers, 
like motion or fear, 
can set off the 
vomit reflex. 


Muscle 
contraction 

The diaphragm and 
abdominal muscles 
contract, helping the 


Chemical 


_ imbalance 


The vomiting centre 
can be triggered by 


contents of the 


stomach to move into 


the oesophagus. 


Openings 

The pyloric sphincter 
at the bottom of the 
stomach relaxes to 
allow content to enter 
from the gut. 





molecules in the 
blood, including 
some medications. 


Gut signals 

The vomiting centre 
monitors signals 
from the digestive 
system to check that 
everything is normal. 


Bleeding stops rapidly. It normally takes between four and ten minutes for blood to clot after g minor injury 


How wounds heal 


It takes an army of cells to repair cuts and scrapes 


ound healing happens in four key 

stages: haemostasis, inflammation, 

proliferation and remodelling. 
Haemostasis means ‘blood halting’ in Greek, 
and is the first crucial part in closing a wound. 
The body’s first line of defence is to constrict the 
blood vessels in the affected area to minimise 
blood loss. Platelets then start to stick to the 
exposed tissue, becoming activated and 
encouraging more and more platelets to clump 
together to plug the gap. 

Once this plug is in place, a mesh of fibrin 

fibres starts to form around it, trapping passing 


blood cells and forming a sturdy clot that holds 
the wound closed until it can be repaired. This 
process only takes a matter of minutes, and once 
the bleeding stops, the local blood vessels dilate 
again, allowing immune cells to reach the area 
and begin the necessary repairs. This stage is 
called inflammation. 

White blood cells clear up dead cells, get rid of 
damaged tissue and chase down any pathogens 
that have entered through the wound and 
destroy them by phagocytosis (ingesting them). 
They also prepare the area for the repair phase, 
which is known as proliferation. 


The immune system rushes in to prevent pathogens entering through an open wound 


With the encouragement of the immune 
system, long, spindle-shaped cells called 
fibroblasts start rebuilding the collagen 
scaffolding that holds healthy tissue together. 
On top of the wound, epithelial cells begin 
dividing and migrating to cover the gap. New 
blood vessels start to form and, as the tissue 
heals, myofibroblasts tug at the edges of the 
wound to close the hole. Once this stage is 
complete, it’s time for remodelling. The 
scaffolding built by the fibroblasts is rearranged, 
and any unneeded cells that were made during 
the healing process are safely removed. 
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© SPL; Illustration by Ed Crooks 
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What’s at the edge 


© Thinkstock; WIKI/ Pablo Carlos Budassi; NASA, ESA, P. Oesch (Yale University), G. Brammer (STScI), P. van Dokkum (Yale University), and G. Illingworth (University of California, Santa Cruz) 


DID YOU KNOW? The closest galaxy to ours Is the Canis Major Dwarf Galaxy, 42,000 ligh 
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of the universe? 


Strange as it may sound, there’s technically no edge 






t years away from the Milky Way's centre 





ur universe is constantly expanding 

and, based on observations in the last 

two decades, we think.it’s getting faster 
and faster. That begs the question: what’s it 
expanding into, and what is at the edge? 

Well, that’s where things get a bit tricky. 
Technically, there is no edge of the universe. 
From our galaxy, we can see a finite distance 
(about 46 billion light years), which is the most 
distant light that has travelled to us since the Big 
Bang. We call this the observable universe, 
meaning it spans about 92 billion light years in 
total. But beyond this barrier, there may well be 
more space, more galaxies, more stars and more 


As the universe is expanding, that means 
galaxies are also getting further and further 
away from each other. Acommon analogy is 


imagining each galaxy as a dot onan expanding 


balloon. From our position, it looks like all the 
galaxies are moving away from us. But ifyou 
were in any other galaxy, even the most distant 
one we could see, you would notice the same 
effect. There is no edge of the universe - space 
itselfis just simply expanding. And it’s not 
expanding into anything, it’s just growing. 

That's quite hard to fathom; there’s no easy 
way to wrap your head around it. That’s why it 
truly is a bit of acosmic mystery. 






ana +207 


Over the edge 
It’s thought the oldest 
photons we can see 
have been emitted 
samme from objects 45-47 
or; 2 “4 billion light years away. 


pe 
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“The universe Is 


Jo) Dacresmm ObebCoyanvnetclnc)hvamolcver-lersicm bed elmetctse-Bipepias 
speed, we will never see beyond this limit. 


An expanding 
universe 


AV) aYadaliale Mm manre alate 
away from everything 
else in the cosmos 


Earth 


Lumpy 
The distribution of 
# matter - and thus 
~~ gravity - in the 
>~ universe is irregular. 


From our perspective, 
it looks like most 
other galaxies are 
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Galaxies 

Other galaxies would 
observe the same 
expansion effect that 
we see on Earth. 


X —. 


Expansion 
Space itself is rapidly 
expanding, but it is not 


expanding into anything. Local groups 


Some galaxies in 
localised groups move 
towards each other 
due to gravity. 


Studyingtheedge . .. 


The most distant galaxy we’ve ever seen is GN-z11. SL sree erasers MES) (Un ates cere ea 
AB atemicelaimice)samealicme)dlelalmialr-laimmer-l(-baaciale)\iscmi mr ele Meas Ro les eri 
appeared 13.4 billion years ago, just 400 million years BD iat SONA Sey ce Nes Si st 
after the Big Bang. We measure galaxies at the edge c. x ye tet aii 


by observing their redshift, which is the change in I ee CNT vine cag ee 


their light as they move away from us. However, this 
is not technically the furthest thing we can see. We 
can actually see remnants of the universe as it 
appeared 380,000 years after the Big Bang. Known 
FeSomoxoy~} aay (om pal (elge)i\ceh Vem of-(e1.ce] qel0 ale (Oil |=) e-le/t-lule)an 
this is the heat left over from when the universe went 
ua) cele le] al- ms ol-1a (ole Me) e-]0)(M=).40y-]a\-1(0) ai] ale mual=1a Merete) (-\em 





This is the Hubble Shace Telescope’s ws 
view of the galaxy GN-zll, * 9 * 0) 


Ls a. = 
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_ not expanding 
into anything, it's 
just growing - 
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SS - There is no edge to 
_ a the universe, 

; ) although that does 


not mean it’s infinite. 
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= ia, Fs . j bis oll anual as\-trellaatsyaccile)are) 
es. as hie iy “ J . . . . 
.. gehen aay . em 4 K wo universe just a projection? 
) * Pens tare yo ~ 
a) : =) ae ‘a, a : a ‘ s ‘ 4) ’ 
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ae 
universe a [SP 
hol 1? - . 
Startling theories siicigs we're Parsi, 
1 0) 0) (110 (0)0K0) 8s 0) D) 0) f- he -n n 
It sounds a bit bizarre -anideathat ourthuee-. f 1K . \. ui A 
dimensional universe might bea projection on’). A Ss. a 
two-dimensional space. And it is bizatre. But the ny ee :) eh 
theory has some supporters,and we still don’ t ae » | 
know ifit’s true or not. tee ve ; 


The idea is based on the holographic principle, « 
which is an attempt to bring together quantum . 
theory and gravity. It suggests that the entire oe ta st 4h 
universe appears as nothing more thana , | 
projection on the cosmological horizon, ig je 
including us. Weareathree-dimensional } « is a 
projection on the true universe, which is a rt Ee, ‘ 
two-dimensional plane, according to the ‘Oy . , 
The idea comes from string theory, whicl | 


that gravity is made up of thin, vibrating pe gs. del ‘* 





WWolctromasbecdalmeeyoie.Duewbevce)aent-laloyen-lelelelmac) Dam 
objects, meaning there’s no reason to have a3D - 
universe at all. a 
Unfortunately, we have no ey of knowing for . eal en 
sure if this is true ornot. To us, a holographic ee ee Ne ier 
universe and a regular universe would look ene 
identical. The best chance we have ofknowing | ee 
will come from experiments ata quantum level,- * 
but we may never knowifWwereallyarejusta fn, | 
hologram ornot.Theideaofaholographic —Ss— _« 
universe is alsosomewhat controversial. = | 













“According to the thear ‘a 
we red 3D projection” 
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Dark matter and dark energy 


Most of our universe is ‘missing’. It’s Dark energy is similarly named, but very 






estimated that only five per cent of the different. In 1997, we discovered that the 

Ui alAVclastom om ale) gant-]maar-iaes) at @uallalercmilce universe was expanding at an accelerating 
galaxies, stars and planets) and the rest is rate, causing scientists to suggest there may 
invisible matter and energy. The invisible ols] aml ale (=\n=Xe1 =] 0) (=ke)cerom ol-)analst-lalaremualaelelela 
ante) X2) au cmaavele lel al mem ol-Mel-la @ant-1mulemuualiorg| space: dark energy. This is thought to make 
eYany ism alemvars)]e)(=m lfelalmr-]ale male lcmeor-]a mela hvmel= Uy odr-IaYale) ©) e)| ale Moto ol-] mex)almre) man(oMelalhVclaion 









detected by seeing its effect on galaxies. We ESA’s Euclid mission, set to launch in 2020, 
hos = - | think dark matter makes up about 27 per cent — will aim to investigate dark matter and dark 
ey, ; 4° a -  -. ss of the universe, but we are yet to make a reValo) qe Va ON ma aley\ie al avemualcmanteld(elamelmer-|i-p4(cts 
(ofigsyoume(-\uctoi le) ame) mim 10 billion years into the past. 
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DID YOU KNOW? In 2073, It was found that the universe Is 13.8 billion years old - 100 million years older than previously thought 








JWST will hope to ‘ 
unlock many secrets “S~ 
of the universe 3 


What reionised 
the universe? 


This strange period allowed things to 
become visible in the cosmos 


Reionisation refers toatime whentheuniversewent  gainedand lost 





from being opaque to transparent, the cause of electrons — and the universe 
which we're still not sure about. became transparent. 
After the Big Bang, the universe was a bit like a hot What caused this period, known as the Epoch of 
YolboKe)mer-banleltcrcpmveeled Bimeere)(cremolonisemsveleeredewieye ISCevCovabests1m (opamp lsielmel(=1-8emele)enCcnmenbelcqualcmiejeestelalejeneyi 
neutral hydrogen atoms to form after about 380,000 the first stars may have provided the energy for this 
years. Light was absorbed by the hydrogen atoms, to occur. Upcoming missions like NASA’s James Webb & 
making the universe opaque until after around Space Telescope (JWST), due to launch in October F Ss Ps | || the 
1 billion years, when the hydrogen was ionised - it 2018, will seek to provide an answer. 


antimatter? 






: 7 7 Big Bang According to our theories, the Big 
FE rayedy rey Reionisation The universe comes into 's¥-) ate mc) alel0] (eM at-\eMerg=t-l axe Ree 6r-)| 
p being with the Big Bang yeatele) alecmeymaat-laas) are] ale! 


A brief history of the cosmos from the Big Bang to now 13.8 billion years ago. antimatter, which have the same 
EB MEA fe iaatckssc¥m ol 6) me) 0) oLe)-11K-M=1(=\e1 0 a[e 


charge, and thus destroy each 
Big Bang (years) other. But matter is clearly 
fofo)aaliatclalmmlamealomelallYis) ac\-macie) 
where is the antimatter? This is 
fore] (sxe mdaloMaatelaks)er-laidiaarciancia 
Hot soup asymmetry problem, or baryonic 
Following the Big asymmetry (baryons being 
Bang, the universe regular matter). Matter and 
consists of a ‘hot antimatter should have 
soup’ of particles. lalalialitchacremsr-(e1ame)dals) aulamaalsM=t-] ah 
UlalAclacroee olepmmcie)aatsidalialemaalecis 
late\Acma) ©) ocetemual=m oy-]/-lalecmlamir-\Velela 
of the former. 

While we don’t know for 
certain, it’s probable that there 
was some sort of imbalance in 
the early universe that accounts 
for the difference. Some theories 
even predict there could be 
regions of the universe where 
antimatter reigns supreme. That’s 
unlikely, but we don’t yet have a 
(or (=¥-] r=] assa ucla Kom tal ioe e)ge)e)(-100F 
Institutions like CERN are looking 
for an answer by observing the 
behaviour of matter and 
lalaiaare1acs) mi lamalle|aprelarslqenva e)celnela 
collisions, similar to the Big Bang. 


OO © 
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~ 300 thousand 
















~ 500 million & 


No more ions 
After 380,000 years, 
ionised atoms become 
neutral for the first time. 
The universe is opaque. 


Formation 
Over the next few 
hundred million years, 


galaxies and quasars 
start to form and atoms 
become reionised. 





~ 1 billion > 





Transparent 
Roughly 1 billion years 
after the Big Bang, the 
universe becomes 
transparent as the 
Epoch of Reionisation 
conludes. 


0 
In theory, matter and antimatter 


cS aYolU| (eM atehYiemclalalialitclncve m=tcleamelaal-le 
Tam\e [Ure] mantet- Sila 


CY ~ 9 billion » 





Present day 
Light permeates 
through the universe 
, = ale : from a multitude of 
~ 13 billion » | stars and galaxies. 


But we see more matter than 
rayaiaarclaa=) emuval(oamallaiscwelarela 
early imbalance 
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° ° . . ° 
worlds in our galaxy, itself one of several trillion 
galaxies in the universe. If life started on our 
planet, it’s fair to think that it started on at least 


one of these other worlds,too. The only problem 


is, We've never heard from anyone. This is 
known as the Fermi Paradox, first postulated by 
nrico Fermi in 1950. There’s no one single good 







answer, but we've gota few ideas. 


_ Thefirst, and perhaps most likely, is that we 
simply haven't lo oked hard enough yet. We've 
y found planets around other stars ina tiny 


2009 


YEAR THE KEPLER TELESCOPE WAS LAUNCHED 


CLOSEST 
EXOPLANET 
TO EARTH, 
PROXIMA B 


4.2 


Telit mer [a 
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MOST HABITABLE 
ZONE PLANETS SEEN 
IN ONE SYSTEM 


Where is everybody? a 


‘ _ There are trillions of galaxies, but we've never found other signs of life 


portion of our galaxy, and we can't yet study 
these for signs of life. It might be that, a8 our 
methods improve, we stumble across countless 
planets teeming with life. 

AW aTola aleve possibility i is that distances are 
simply too vast, and time scales too short, for us 
to make contact. Intelligent life has only existed 
on our planet for around 100,000 years, a blink of 
an eye in the universe's 13.8 billion-year-history. 
Life may spring up on worlds for only ashort 
period of time and rarely overlap. This leads into 
another idea that intelligent life may ultimately 


MOST DISTANT EXOPLANET WE’VE FOUND 


1992 


BEYOND THE 


YEAR FIRST PLANET 
VANS FO] NT LS \Y/1 = By 


SOLAR SYSTEM 


. Are we really alone in the 
universe, or is life out there? 
















be eradicated, either via self-induced or natural 
catastrophes like nuclear war, or asteroid 
impacts. This — as a Great Filter, and 
we're not sure if we've passed one of these tests 
yet, or ifit’s yet to come. Life may also be much 
more unlikely than we thought, andthe 
intelligent life on our planet may bea fluke. 

Amore recent theory points out that we are 
relatively early in the universe. The last stars 
will not die out for trillions of years, so we are 
much nearer to the Big Bang, and perhaps other 
life hasn't formed yet in abundance. 


RhTIO ZO 


Jupiters 


MASS OF MOST MASSIVE 
EXOPLANET WE’VE SPOTTED 
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We only know black holes exist because we can see the gravitational effect they have on stars and galaxies 








What hap 





ens at 


a black hole? 


Strange physics takes place in these 
massive gravitational anomalies 


AViVCem eke ht(exsmolsrecyelmepael-vacie-nelelberemeymyiersle 

Jaks} o)eleyetse-baelepelen-mo)t-lelc@ale)(-mes]vimntselcvemveler 
cross the event horizon beyond which the 
gravitational pull traps even light, things geta 
joyimesteyacmenbua(ceulmuonsae-lsj om 

Black holes result from the collapse of giant 
stars, with supermassive black holes forming at 
the centre of galaxies when other black holes 
merge. They are huge wells of gravity, with 
billions of times the mass of our Sun packed into 
a tiny space. 

Around the event horizon, stars and material 
of DaKe)doviomniselsvacmmercnmeeelcdelmel-nee)eek-ley-bameyyauels 
intense gravity of the black hole. This material 
swirls around the event horizon before crossing 
dalam ole)ouater-DavamolONmntset-lm@at-)o)el-velsmal>.¢mljemmel (=) a 
At the centre is thought to bea singularity where 
all the matter gets crushed into a point. Around 
this, physics is likely to go crazy, with gravity 
stretching anything inside. 

Some theories suggest that black holes do 
sometimes spit matter back out, in the form of 
Hawking radiation. However, this is poorly 
UDaXe(=yacjcolelomclmaalcmasteyenlcyolemnvcmpelimeleemmac-lehi 
Ja atop iiva=W Colirslorelelmyysetslmceexe)belemeyembelss(e(cmmelasis 
massive objects. 


Radiation 
It’s thought black holes do 


cause the emission of 
some information in the 
form of Hawking radiation. 





Singularity 


At the centre of a black hole 


is a Singularity where 
matter is crushed into an 
infinitely small point. 





“Black holes result from the 


collapse of giant stars” 


7 2 
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Space hunters 
The EHT project used 
various telescopes 
around the world. 


M/W. HOWITWORKSDAILY.COM 


=“ 








Tiet(e fei Be) eles @ale) (om 


BBat=m's-la(elercmere) an) ele)alslalaomey man (ssoi=) 
laarev4lare mexes-taal(om el ar=valelantcyate) 


Event horizon ; 
All black holes have a Disc 

Some black holes have discs 
of superheated dust and gas 


swirling around them. 


boundary beyond which 
nothing can escape their 
gravitational pull. 
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Some black holes 
fire out huge jets 
(o) my oy-] ad (ol (=somage)anl 

1d atel] mere) gets 
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How you Step by step Your guide to catching a glimpse of the ISS 


can see 
the ISS 


Tracking down the football 
pitch-sized space station 


fyou know where to look, it’s not too hard to 

spot the International Space Station (ISS). The 

station regularly flies over different locations 
on Earth, and it will look like a bright star rapidly 
moving across the night sky. 

The orbit of the ISS takes it up as far north as 
the UK and Canada and as far south as Australia 








Check online App and weather 
and Brazil. Its orbit is tilted at 51 degrees relative Use an online tool like spotthestation.nasa.gov to Next, you'll need to download an ISS tracker app to 
to Earth’s equator, so each time it makes an orbit find out if the ISS will be flying over your location. It is check when it’ll fly overhead. You'll also want to make 
most visible just before dawn or soon after dusk. sure the weather is clear so that you can see it. 


it will move over a different area. 

To find the ISS, visit spotthestation.nasa.gov 
to see where it is and get alerts. In the Northern 
Hemisphere, it will take about five minutes to 
move across the sky from the western horizon to 
the east. 





Get ready See the ISS 

Wrap up warm, then head outside at least five Now look towards the western horizon if you’re in the 
minutes before the ISS flies over to give your eyes time to Northern Hemisphere. You should see the ISS moving like 
adjust to the darkness. a rapid star across the night sky to the east. 








Some theories suggest there are things even smaller than quarks — tiny particles that vibrate like strings 





Scale of the universe 


We investigate the size of the cosmos from the smallest thing we know of to the biggest 


s Douglas Adams famously wrote in The 2,000-times smaller than a proton, whichisitself outermost planet Neptune, that would make it 
Hitchhiker’s Guide To The Galaxy: “You 60,000-times smaller than a hydrogen atom. A 9.09 billion kilometres across. That’s about 0.001 
may think it’s a long way down the road DNA double helix is about 40-times bigger,anda _ light years; our galaxy is 100,000 light years! 





to the chemist, but that’s just peanuts to space.” grain of sand is then 1 million-times bigger. That’s just one part of a massive group of 
He wasn’t wrong: space is infinitely vast. jLubeehe)betcme)bumconelenae)t-velcremlmsetcr-tiebacce-leyelels galaxies we're part of called the Virgo 

At the smallest level we find quarks, the 12,750 kilometres across. That’s about 109-times Supercluster, which spans 100 million light 
sav bator-Beel=volecUmer-baalel (cma elslmenteNcomelen elaelieets smaller than our Sun, 1.4 million kilometres years. In the grand scheme of our observable 
and neutrons inside atoms. They are smaller across. Moving out, the diameter of our Solar universe, 46 billion light years across, it’s a blip. 
than 86 billion billionths of a centimetre, System is debated, but taking it to be the Who knows what lies beyond it? 


GALAAY CLUSTER 


Observable : From quarks to 
410° me — the universe 


The furthest light we How fundamental particles 








can see in the universe VISIBLE UNIVERSE ° a ’ stack up to the cosmos 
makes it 92 billion Sea... ! \ 
light years wide. ete ee Be - | 

P }: ae ae 95 000 000 000 000 000 000,000 m 


‘ = ~~ : Our galaxy is about 
» MS " i. 100,000 light years across. 





MILKY WAY 








Sand grain 


A grain of sand is 2,000th 
of a metre in length. 


Human stride Atomic nucleus 
An atomic nucleus is more 
than 10 million-times smaller 
than a grain of sand. 


An average human 
stride is almost one 
metre in length. 


SAND GRAIN 





Solar System 
From the Sun to Neptune’s 


orbit our Solar System is just 
over four light hours across. 


0,000 000 000 000 000 001 m 





Quarks 





The smallest things we know  — ~ 
of, quarks make up protons A he Earth 
and neutrons in atoms. 49 756 000 m , 







Our planet is about four-times 


bigger than the Moon. SOLAR SYSTEM 


EARTH 
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Oort cloud 

Some estimates suggest 
the Oort cloud is still full 
of trillions of icy comets. 


Origin 

Today, most comets 
reside in the Kuiper 
Belt or Oort cloud in 
the outer Solar System. 
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Water 
Comets laden 
with ice may 
have delivered 
water to Earth. 






How this tumultuous period may have given rise to life on our planet 


hen Earth first formed more than 4 
billion years ago, it began asa molten 
rocky world devoid of water and, asa 
consequence, life. But when a flurry of comets 
came swinging into the Solar System, pounding 
every world, our planet may have been given the 
water it so desperately needed. 

This period is known as the Late Heavy 
Bombardment (LHB), occurring about 4.1 to 3.8 
billion years ago. During this time, billions of 
comets from the outer Solar System were sent 
swinging inwards, crashing into the planets 
evelommelsjpaseleleyerse 

Evidence for the LHB mostly comes from the 
FAN oe) OCOD aab ests) (oy tsps ou (elem ey aelercdelmey-(elc@elbnsetsaelets 
rocks from the Moon. Some of these were impact 
melt rocks, and they were dated as being 3.8 to 
4.1 billion years old, with a particular grouping 
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of ages around this time hinting at numerous 
impacts. Various meteorites have also lent 
evidence to the theory. 

We can still see the remnants of this event 
today elsewhere, with many visible craters 
persisting from the LHB. On Earth, however, 
most of our craters from this time are gone, as 
our geologically active world gradually hid them 
from view through the shifting of tectonic plates 
and other processes. 

What caused this period is not entirely clear. 
One of our best theories at the moment concerns 
the motions of Jupiter and Saturn. When these 
giant planets first formed in our Solar System 
they were much closer towards the Sun than 
they are now, gradually moving out and 
entering into an orbital resonance, or pattern, 
with each other. 


This had the knock-on effect of causing huge 
gravitational disturbances in the Solar System. 
One consequence of this was that Neptune was 
pushed out into a region of icy debris left over 
from our Solar System's birth. This caused 
billions of comets and asteroids to be flung 
inwards, resulting ina ‘shooting gallery’ asthe 
worlds were pummelled. Eventually, the orbits 
of the planets stabilised, and our Solar System 
became the relatively peaceful place that our 
planet exists in today. 

sMebtspicpalolmaelcneyevhyausls\e)arae)aselce nelsp 
however. Some suggest that a delayed formation 
of Uranus or Neptune may have been the cause, 
while others contend it never happened at all. 
Evidence seems to favour a Jupiter-caused LHB 
elma aleweclovest-Jelemolvimelonmel-rcanenensetesce-DacnciON males 
quite clear. 
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A solar system 59 light years qway called Eta Corvi may currently be experiencing its own LHB 
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La RS od A ieee ate ies sts 
The Nice model 
AN oxox) ae liave mucosal maal=re) ava lelelix) ar-lale, 
Saturn may have caused the LHB period 


URANUS 


) : or 


4.5 billion years ago 

Jupiter, Saturn, Uranus and Neptune 
were once orbiting the Sun much 
closer than they are today, with debris 
left over at the outer Solar System. 
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Impacts 

Earth may have been 
impacted during the LHB 
every 15,000 years. 


4.1-3.9 billion years ago 
The planets spread out, with Jupiter 
and Saturn combining to kick 
Neptune and Uranus out into the 
ring of debris and causing havoc. 


“Evidence for the LHB 


mostly comes from _ 
_the Apollo missions’ 


Craters 

mw The LHB left many 
visible scars on the 
moons and planets. 


3.8-3.65 billion years ago 

After Neptune and Uranus were thrown 
into the icy debris, billions of comets were 
sent hurtling into the inner Solar System, 
before the planets stabilised in their orbits. 
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— — =——— Large screens at the front B=» 
- a display alive feed ofthe [= 
station, telemetry : 
(orbital) data and more. 


_ shows the time in GMT 
) and essential ISS data. 
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On the wall you can see 

various badges from 

previous missions. 


i Side rooms Hl 

_ Surrounding this main room % F 
= are dozens of experts 

working in other rooms. 


Inside mission contro 


How NASA keeps the International Space Station running 
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Flight controllers 
Each flight controller has a 

— specific area of expertise to 
help run the station. 


Computers 

Each controller has one screen 
for standard work and others 
for individual vehicles. 








NASA European Space 
here are many mission control centres They have the final call on any decisions like Goddard Operations Centre 
(MCCs) around the world, but perhaps manoeuvring the ISS or docking a spacecraft. Space Flight 
none areas famousas NASA’s Christopher __ Flight controllers train from one to three years to Center MOUIRG Se en calc tae auebioves 
C Kraft Jr Mission Control Center in Houston, be allowed in this room, while flight directors 
Texas. This historic building was once used to have much more experience. Working here is Monitors: Hubble RKA Mission 
operate the Apollo missions and Space Shuttle. both prestigious and extremely important. space Teer obe Control Center 


Today, it is responsible for the International 
Space Station (ISS). 

The most recognisable part of the MCCis the 
‘front room’, aroom full of computers and big 
screens. To talk to Earth, get assignments or fix 
problems, American astronauts on the ISS will 
liaise with the front room, specifically the 
CAPCOM (capsule communicator). About a dozen 
other flight controllers are responsible for 
operating the ISS. The teams work in shifts 
around the clock, 365 days a year, and also 
communicate with other control centres. 

Each flight controller reports to the flight 


= 


A different control room was used for the Apollo 
director, who is ultimately in charge ofthe MCC. missions (Apollo 11 shown) than for the ISS 
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Monitors: The ISS 


: Beijing 

NASA Jet Aerospace 

Propulsion Command and 

Laboratory Control Center _ 
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Monitors: Unmanned Monitors: Chinese = 

interplanetary missions space programme 3 
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MEET THE 
EXPERTS 


Who's answering your 
questions this monthe 


Laura Mears 


Laura studied 
biomedical science 
at King’s College 
London and hasa 
master’s from 
Cambridge. She 
escaped the lab to pursue a career 
in science communication and also 
develops educational video games. 


POPC Oooo EEE EEE EEE EEE E OSES SOOO SEDO LEDEOE OEE OOEEELEOOS 


Alexandra Cheung 


Having earned 
degrees from the 
University of 
Nottingham and 
Imperial College 
London, Alex has 
worked at many prestigious 
institutions, including CERN, 
London’s Science Museum and the 
Institute of Physics. 


CO eee cross sereeseserereseeeeseeEesereeoeoeLEeZeoeLEeEESEDEE ESOS 


Tom is a historian of 

_ science at the British 
~  Librarywhere he 

‘». Works on oral history 
projects. He recently 

s published his first 
book, Electronic Dreams: How 
1980s Britain Learned To Love The 
Home Computer. 

















POSSE OSEHOOEEE OTOH HEH TEHOEESEHEE SETHE HOSE OH HO EEEEEE ES EEEEES 


Sarah Bankes 


Sarah has a degree 
in Engligh language 
and literature and 
has been a writer 
and editor for more 
than a decade. 
Fascinated by the 
world in which we live, she enjoys 
writing about anything from 
science and technology to history 
and nature. 


SOPOT EE EHO EEE HOHE SHOOT EO SOOEEEEOOE TEESE EHE SEDO ESESEOEEES 


Having been a writer 
and editor fora 
number of years, 
__*' HowlIt Works 
i At alumnus Jo has 
) picked up plenty of 
fascinating facts. 
She is particularly interested in 
natural world wonders, 
innovations in technology and 
adorable animals. 
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Want answers? 


Send your questions to... 
 f How It Works magazine © @HowltWorksmag 


howitworks@futurenet. com 
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Chimpanzees 
frequently use tools, 
while bonobos have 
_ only rarely used 
‘ode captivity 


What are the differences between 
chimpanzees and bonobos? 


Terry Hamilton 

Chimpanzees and bonobos are the closest living 
relatives to humans, sharing close to 99 per cent of our 
genome, and closer to 100 per cent of each other’s. 
However, although they look very similar, there are 
many key differences. Firstly, bonobos live exclusively 
in the Democratic Republic of Congo, while chimps can 
be found across western and central Africa. Bonobos 
are also smaller and slimmer compared to chimps, 
have pink lips as opposed to brown, and shorter head 


hair. A chimp’s facial colouring will also change with 
age, whereas a bonobo’s will remain black. Their social 
behaviour also differs greatly, as groups of chimps are 
led by an alpha male who will use aggression to 
maintain order, while nonviolent bonobos are 
dominated by females who use sex to keep the peace. 
Bonobos also have a higher-pitched voice compared to 
chimps, who prefer to communicate with deeper hoots, 
screams and grunts. JS 


What tis the difference between table salt and sea salt? 


Kiera Timpson 

Table salt and sea salt have the same 
chemical composition, but different 
processing methods give thema 
slightly different taste and texture. 
Sea Salt is produced by evaporating 
the water from seawater or saltwater 
lakes, leaving behind salt but also 
smallamounts of minerals suchas 
magnesium, calcium and potassium, 
which can affect flavour. The large 
salt crystals give ita relatively coarse 
texture. Table salt, on the other hand, 
is typically mined from salt deposits. 
Itis washed, purified and stripped of 
any contaminants. Additives are then 
added to prevent it from clumping. 
Iodised salt also contains extra 
potassium iodide. AC 
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Is it true that mole rats 
don’t get cancer? 


Piers Liebhart 
Sadly not. For a long time, people thought that naked mole 

rats didn’t get cancer, but last year two cases were reported for 

the first time. However, the species do seem to be more ae 

resistant to the disease than other animals. Cancer is caused \ 

by faults in the DNA that change the way that cells behave. f 

They stop doing their normal job and start to divide 

uncontrollably, most often clumping together to forma 

tumour. If parts of the tumour break away, they can travel 

around the body and spread the disease to other organs. 

The resistance in naked mole rats seems to be partly to do 

with a sugar called hyaluronan - they pump a heavy version of 

the molecule into the spaces between their cells. It’s thought 

that the trait evolved to keep their skin flexible, but it also , IMPERIAL (Haynes 
| oe ‘> DEATH STAR b*% 

seems to stop their cells sticking together to form tumours. LM i ia ocadinci cess 























How do room 
humidifiers work? 


Rachel Ansem 

Humidifiers use a range of 
mechanisms to force extra moisture 
into the air, increasing its humidity. 
An evaporative humidifier employs a 
fan to run air through a damp filter 
soaked ina reservoir of water. As the 
dry air passes through, some of the Owners’ Workshop Manual 
water evaporates, adding moisture to | 
the air. Asteam humidifier, 
meanwhile, boils water, releasing hot 
steam. Finally, inside an ultrasonic 
humidifier, a diaphragm vibrating at 
ultrasonic frequencies converts liquid 
water into tiny droplets, producinga 
cool mist. Using a humidifier can 


Experts recommend indoor humidity levels 
of 40-50 per cent for optimum comfort 
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reduce the symptoms of respiratory LOTUS 79 & 
| conditions or dry skin. AC = 





1977 onwards (28 modets) 


Owners’ Workshop Manual 


How do dissolvable 
surgical stitches work? 


Francesca Basso 

Dissolvable sutures were originally made from the intestines 
of animals - most often sheep, goats or cows. The thread was 
made from tough, natural material known as connective tissue, 
which contains strong fibres of the protein collagen. The tissue is 
broken down into ribbons, which are spun together to make 
thread. Collagen can be broken down by enzymes made 
naturally in the body, allowing the stitches to dissolve slowly as 
the wound heals. This process can be delayed by coating the 
thread in chromium salt, holding off the action of the enzymesa Soluble stitches are 
little longer. Alternatives include synthetic threads made from brokameo ts 
polyglycolide acids or polydioxanone. LM 
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‘Neon’ highlighter pens 
owe their luminous glow 
to fluorescent chemicals 


What makes highlighters neon? 


Ben Reed 

® Highlighter ink contains fluorescent compounds 
that absorb ultraviolet (UV) light and emit this energy 
as visible light, creating extra luminous ‘neon’ colours 
(although these colours have nothing to do with neon 
gases). When UV light hits dyes within fluorescent ink, 
its electrons absorb high-energy UV wavelengths of 
light, entering an ‘excited’ state. As the electrons drop 
back to their original state, this excess energy is 


How does 
Blu-tack work? 


Daniel Mestriner 

™@ Weak electrostatic forces between the synthetic 
polymers that make up Blu-tack and the surface it 
is applied to give Blu-tack its stickiness. Polymers 
are long chains of molecules, which are also 
responsible for Blu-tack’s elastic properties. It 
contains mineral oils that prevent it from sticking 
too strongly, allowing it to be repositioned. 
Blu-tack is also easily deformable, meaning that it 
moulds to the shape of the surfaces it is pressed 
between, squeezing into any gaps and maximising 
the contact area. This effect becomes stronger over 
time as Blu-tack seeps further into any pores in the 
surfaces it is 

stuck to. AC 


The exact 
workings 
of Blu-tack 
have never 
been revealed by 
its manufacturer 
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emitted as visible light. While a normal yellow ink 
absorbs and re-emits wavelengths within the visible 
light spectrum, a fluorescent ink absorbs portions of 
both visible and UV light, effectively converting the UV 
light into visible light and emitting up to twice as much 
visible light as astandard ink. This effect is even more 
obvious if you shine a UV light onto highlighter inkina 
darkened room - the UV light is converted into visible 
light, making the ink glow. AC 


Clap on lights a 
require a 
special sort 
of sound- 
activated 


switch 


| nl 


MW) oe. 


_ 


How do ‘clap 
on’ lights work? 


Denise Allen 

@ Clap on lights normally use a special sort of 
sound-activated switch, like a ‘clapper,’ which fits 
between a mains socket and a plug-in electric 
lamp. When you clap your hands, the sound is 
detected by a microphone, converted into an 
electric signal, and sent to an electronic circuit. 
This triggers a switch to turn the light on or off, 
but only if the signal has a frequency and 
intensity within the range of someone clapping. 
The circuit filters out other sounds, so the lights 
shouldn’t switch for sound that isn’t a clap. TL 


FASCINATING 


FACTS 


Why are electric cars 
so expensive? 
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batteries. As battery technology 
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widespread, experts predict that 
ae cost will fall substantially. AC 
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cars within the next decade 


Why does garlic make 
your breath smell? 


ah avcwiclanllltlasiantcii me) mey-lal(ome)acr-laa mis 
(oon Ke M es a=) pa) (or-] omexe) aue-lialiare) 
sulphur and selenium. It’s thought 
that these come from the lungs, 
rather than chemicals retained in 
the mouth. LM 


The breakdown of garlic creates 
smelly gases that enter the lungs 


What was the world’s 
first empire? 

The world’s first empire is believed 
to be the Akkadian Empire, which 
was a Semitic-speaking empire of 
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The Akkadian Empire was centred in 
the city of Akkad, which is believed 
to have been in what is now Iraq 
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Who invented the automobile limousine? 


Lance Johnson real 
The firetaut bile li ; Early limousines saw the chauffeur sit outside the 
Se OOM ase nemee eer vehicle under a covered compartment, before later 


was built in1902, but it is not known models accomodated them inside the cab 
who invented it. The driver sat re 
outside the vehicleina 
compartment that was separate 
from the passengers, which is how 
it got its name, because the 
compartment resembled the cloak 
hood of shepherds from Limoges in 
the Limousin region of France. The 
first stretch limousine was created 
in Arkansas, USin1928 bya 
company called Armbruster. These 
types of limousine were commonly 
known as ‘big band buses’ because 
they were used to transport bands 
and their musical instruments 
around the country. SB 
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_ to operational satellites and spacecraft 


How many satellites are 7 
In orbit around Earth at 
the moment? 


Vanessa Rose 

As of 2016, there were around 4,256 satellites in orbit 
around Earth, of which 1,419 were operational. However, 
there are thousands more pieces of debris that have broken 
off from past satellites in space, too. JS 


Wearing a wig was 
orolnalanelamiam Wadanrexcladel ay 
English societies 


How do motion detector 
switches work? 


Petra Kovalev 

This depends on the type of sensor. The 
most common type is passive infrared, which 
detects heat signatures. Ifthe signal changes 
quickly - because a warm body is moving 
within its field of view - it trips the switch. 
Alternatives include vibration detectors, 
which use a weight on a lever to detect motion 
transmitted through the floor, and 
microwave or ultrasonic detectors, which 
send out pulses and measure the reflections 





Automatic taps 


and hand drier — that bounce back. These work ina similar 
motion sensors to way to the echolocation used by bats, 
reduce the spreg@iiis« detecting changes in the time it takes fora 
bacteria by contact ,* (ibe a lel po ery 


Launches 


Do rocket launches siestie aiiteran! 


pollutants 


create a lot of pollution? — <erencinson 


the rocket fuel 


Felix Davis 
Why do Briti sh judges Rockets move by combining fuel with an oxidiser and shooting 
= the resulting gasses out through a nozzle. Some use liquid hydrogen 
wear Wigs? a : pasate 


and oxygen, releasing mainly water, but others create hydrochloric 
acid, particles of alumina, nitrogen oxides (which form nitric acid in 
the atmosphere), carbon dioxide, or black carbon (soot). The 
amount of carbon dioxide is minimal compared to the volumes we 
create on the ground, but the hydrochloric acid and nitric oxide can 
affect the ozone layer, effectively punching a hole where the rocket 
passes through. Luckily, this closes up within weeks. Soot is the 
biggest pollutant, reaching high up into the atmosphere and 
staying there for years. LM 


Alison Perry 

Wigs became part of the legal dress code in 
English courts for judges and barristers simply 
because Charles II had made wigs essential wear 
for polite society in the 17th century. As such, 
wearing a wig was more common than not 
wearing one. While it took a while for the trend 
to catch on in the courtroom, wigs are still worn 
today, although not as much. SB 
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How are bricks made? 


Thomas Pullman 

Bricks are made from clay. First, diggers extract the clay from quarries. Itis 
then transported to a brick factory, where a machine crushes it to get rid ofthe 
lumps. Water is then added to the smooth clay to make it soft and sticky, ready 
to mould into a brick shape. A machine squeezes the clay into rectangular 
moulds, and sand is used to pop the bricks out of the mould. To harden the 
bricks, they're placed ina drier for 24 hours. Once dry, the bricks go to the kiln 
to be fired. The bricks are then ready to be laid. SB 
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Although bricks can be made 
: z = Fea by hand, most are made in 
Different parts of I rie ty a factories these days 

the Great Wall of : : 


China were built | Lue = a 
over 2,200 years =f —_ "| bat i ae all 


How long did it take to build 
the Great Wall of China? 


Jean Dubois 

There were actually several great walls built in China at different times, 
the earliest probably around 250 BC. Over the following centuries different 
dynasties extended the walls, connected some of them up and built new 
sections, a process that lasted almost an incredible 1,900 years. The section 
best known today as the Great Wall of China was the last part to be built, 
finished around 1644 CE after almost 300 years of construction. TL 








70,000 cochineal 

bugs are crushed to 
produce 450 grams 
of red dye 


What is Muzak? 


Ella Tandoh 

Muzak is actually a brand name but is 
now commonly used to describe any 
easy-listening background music played 
in restaurants, shops and elevators. The 
Muzak company was founded by Major 
General George Owen Squier in 1934, and 
became the best-known supplier of 
background music in the United States 
until it was bought by Mood Music in 2011. 
After perfecting a method for transmitting 
music across electrical wires in the 1920s, 
Squier had originally planned to offer the 
service to homes, but when this market 





What are food 
colourings made of? 


Izzy Polden 

Food colouring can be produced from either 
natural or artificial sources. Natural food dyes are 
usually pigments extracted from plants. The Th Was eC peed ytd lo neat beled 

i e Muzak company brought in top bands and businesses instead, claiming the music 
carotenoids that give pumpkins their bright orchestras to create an archive of original music ~ 
—— _ would help to boost staff productivity.JS 

orange colour, chlorophyll, which is found in all 
green leaves, and turmeric, which isa deep 
yellow substance obtained from the underground re sei 
stem ofan Indian plant, are all examples. Brofalscan 
However, some come from insects instead, such sometimes be 
as carminicacid, ared dye used in many foods Wrccching 
and cosmetic products, which is extracted froma 
bug called the cochineal. Artificial food 
colourings are produced from coal or petroleum 
byproducts, and are much cheaper, longer-lasting 
and can create a wider range of hues. JS 
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visual effect in nig 





Why do strobe lights make the 
world look like it’s in slow motion? 


Greg Ford 

Because strobe lights quickly flash on and off, 
they show us the world asa series of short 
snapshots. We don’t get to see what happensin 
between the flashes. The slow motion 
‘stroboscopic effect’ happens when we look at 
something with continuous motion, like a wheel 


Is there a limit to 
how tall a skyscraper 
can be built? 


Jenson Simmons 

The tallest skyscrapers are currently 
about 800 metres tall. Taller buildings are 
possible but difficult. More height means 
a wider base to support the weight of more 
floors and the extra structural supports 
to protect the skyscraper from toppling 
in the wind. It’s also hard to move people 
over so many floors; there’s a current limit 
to elevator cable length yet to be solved. 
Over 600 metres and the cable becomes 
too heavy. Despite these obstacles, experts 
reckon that using current engineering 
concepts they could build askyscrapera 
mile (1,609 metres) high. But it would be 
very expensive and the real limit is cost 
rather than engineering. TL 


What does your appendix do? 


Hayley Winner 


The true function of the appendix - the small pouch attached to the large 
intestine - is a subject of much debate in the medical community. Some 
believe it to be a vestigial organ, once used to help us digest tough leaves and 
bark but now devoid ofa purpose thanks to our evolving diets. This theory is 
aided by the fact that humans can live comfortably without an appendix after 
it has been removed. However, others claim that the organ has an important 
immune function, serving asa reservoir for healthy gut bacteria that aid 


recovery from infections. JS 
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spinning. Ifthe strobe flashes slower than the 
spin rate, then the wheel spins all the way 
around anda little bit further between each 
snapshot we see, making the wheel appear to 
move slower than it really is, because in the 
snapshots it only appears to have moved slightly, 
not all the way around. TL 
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How did 
Beethoven _ 
compose music 
if he was deaf? 


David Elias 

Ludwig van Beethoven was not born 
deaf. When he began to lose his hearing 
in his mid 20s, he had already achieved 
great musical successes. It wasn’t until 
Beethoven reached his mid 4os that he 
became almost completely deaf. Having 
played music for several decades, 
Beethoven was able to ‘hear’ notes just 
by looking at them ona page. He knew 
how instruments worked - 
independently and with other 
instruments and sounds - and, as his 
hearing slowly deteriorated, his 
imagination was able to fill in the gaps 
when he struggled to hear certain notes 
and sounds. He was therefore able to 
compose music without physically 
hearing it. SB 
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| f Evidence suggests that it may take 
people without an appendix slightly 
longer to recover from illnesses 
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BOOK REVIEWS 


The latest releases for Curious minds 








Science Year 
By Year 


Avisual history, from stone 
tools to space travel 


® Author: Clive Gifford, Susan 
Kennedy and Philip Parker 

®@ Publisher: DK 

™@ Price: £16.99 / $24.99 

®@ Release date: Out now 








ften, historical science books like this 

one will focus on a few discoveries, 

sometimes just in a limited period, or 
perhaps within a specific field. While these 
books are fantastic for those wanting to learn 
about set points or single disciplines, it’s only 
with a book like Science Year By Year that you are 
able to get a more rounded idea about how 
science has progressed. 

This book has a single timeline running all the 
way through it, splitting the centre of the page 
with years marked using arrows so that you 
know where - or rather when - you are. From 
this line, all kinds of scientific discoveries are 
pulled. There is no separation into physics, 
mathematics, biology, chemistry, or any other 
disciplines. Instead, important facts are simply 
explained in the order they were discovered. It 





works brilliantly, partlythankstothesimple but real-world photographs and hand-drawn important facts or quotes highlighted. What this 

fact-packed descriptions of eachimportant date. illustrations support the facts, and the means is that you can turn to any page inthe 
There are some awesome facts in there, too. combination is excellent.Complexmachinesare bookandsoak up a huge amount of information. 

For example, the first known use of the symbol broken down using a cross-section diagram, To us, that makes this book a resounding success 

for zero was discovered in Indiain 876 CE. Before whichisthen annotated with information that and one we can’t recommend enough. 

that, while mathematicians had used the helps to explain what you are looking at, with KKK KX 


concept in calculations, it was never written 
down. Only after this could a proper decimal 


system be put in place. Move to the other end of 40) 0) MAY ALSO LIKE. Pr 


the book (and skip several centuries) and you'll 


ah | ees History Year By Year = The Invention | The Science Book 
ae information abou oon skin, pouelep ed Author: N/A ' Of Science Author: N/A 
in 1981 to help burn victims regrow skin cells. Publisher: DK ay -\Uldatolem DY-\i(e MU olelanely : Publisher: DK 


While popular science is covered - the Price: £16.99 / $24.99 Publisher: Penguin : Price: £16.99 / $25 
development of the mobile phone, and the first Release date: Out now : Price: £12.99 / $18.99 : Release date: Out now 


Release date: Out now 
balloon flight - it’s these less common facts that 


If you enjoyed the visual history 


This book splits science up into 


of science, you will no doubt Older readers may be curious to different topics, and even gives 
make the book really stand out. Each page is yal ONAL al ee eyelanatslanuld(-MicelaamD),@ : learn more about the scientific : short biographies on some of 
packed with information, with some sections This book takes the reader on an ig=\Ve) [U1 a(e)a MA’ (oleate) akomr-ssverlar-1 ul ale) : SYor[e)alexohow an lossimmian) ele) ar-lal maa) aceice 
simply explaining an idea witha block of text, adventure dal qelece|smalaavoeme at-ladiate| oxeXe) aol arelaecmalelant-lali ava pursuit of There’s a Ko) ma kel c=t-le| here, with 

human history from the Stone Age _: knowledge, and how the scientific : lovely diagrams showing how 
and others going into much more detail with kom ar-Manlere(-agaKel\V2 Pa nal-idareleMe(-0V{-1 0) 0\-Ve R : famous experiments worked. 





dedicated boxes on the subject. A mixture of 
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Asteroid Hunters 


From the dinosaurs to 
the future 


Author: Carrie Nugent 

Publisher: Simon & Schuster 

Price: £8.99 / $16.99 

Release date: Out now 
Certain words indicate a high level of 
quality, and that’s definitely the case 
with TED, who lend their name here to 
Asteroid Hunters, penned by asteroid 
hunter Dr Carrie Nugent. 

Explaining everything ina concise 
yet scientific and informative manner, 
Nugent’s book is a wellspring of 
resources for anyone wanting to know 
more about these potentially Earth- 
altering space rocks. With subject 
matter encompassing some of our 
planet’s own dalliances with 
destruction and our current attempts at 
preventing any more threats, this book 
makes the case for space not being a 
vast wilderness, but a lawless frontier. 
It’s an approach that really works. 


The Gadget 


Inventor Handbook 


Asmall book for big 
imaginations 


Author: Mike Warren 
Publisher: QED 

Price: £9.99 / $12.95 
Release date: Out now 


Ever wanted to create an LED bracelet? Or 
a minivibrating robot? How about a 
potato clock? Even if your answer to all of 
these questions is “No”, chances are you 
might well find something else within 
these pages to inspire you. 

Aimed primarily at the younger 
budding scientists out there, this book 
contains various step-by-step guides to 
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4th Rock From 
The Sun: The 
Story Of Mars 


How the Red Planet has 
inspired humanity 


Author: Nicky Jenner 

Publisher: Bloomsbury Sigma 

Price: £16.99 / $27 

Release date: Out now 
For such a barren, lifeless location, Mars 
has hada lot of mythology ascribed to it. 
From ancient gods to various references 
in pop culture, the Red Planet has 
repeatedly captured the imagination. 
And imagination is the aim here, with 
Nicky Jenner attempting a complete 
chronicle of its influence on Earth. 

As our nearest neighbour, it’s also 
arguably our best shot at colonising 
another planet, and while this isn’t the 
main focus, it isn’t ignored. It falls down 
slightly in its ‘is colonising Mars worth 
it?’ conclusion - which seems self- 
defeating considering the subject - but 
the journey it takes is worth your time. 





creating an array of inventions to make 
your friends jealous. Along with useful 
equipment lists and fun facts, everything 
you need is here to get a project started. 
This is exactly the sort of book we wish 
we'd had growing up. Ifyour child isan 
Einstein-in-waiting, then without doubt 
this is the book for them. 


BOOK REVIEWS 
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Subscribe and save 20% 


Every issue, delivered straight to your door 


Never miss an issue Delivered to your home Get the biggest savings 
13 issues a year, and you'll be Free delivery of every issue, Get your favourite magazine for 
sure to get every single one direct to your doorstep less by ordering direct 


What our readers are saying about us... 


“I’ve been a subscriber to this magazine for 
a couple of years now and | have never been 
bored once. The variety every month is just 
endless and | love that.” 


Daniel Scott (aged 15) via email 


“@HowltWorksmag Best magazine ever!...” 
@LeaSavoy via Twitter 


“Just started reading @HowitWorksmag 
about #tech #science & #space. 
Where have you been my whole life? :) 
#GeekAndProud” 
@DeputyDCooper via Twitter 





Subscribe and save 20% 


VY Automatic renewal — never miss an issue 
VY Pay by Direct Debit 


Recurring payment of £26 every six issues, 
saving 20% on the retail price 


Debit Building Society topayby 5 018 8 4 


Nap eerisar Direct Debit 


Address of bank 


Postcode 
Account Name eos 


Sort Code Account no 


Please pay Imagine Publishing Limited Direct Debits from the account detailed in this instruction subject to the 
safeguards assured by the Direct Debit guarantee. | understand that this instruction may remain with 

Imagine Publishing Limited and, if so, details will be passed on electronically to my Bank/Building Society. 
Banks & Building Societies may not accept Direct Debit instructions for some types of account 


Signature Date 


Name 
Telephone number Mobile number 


Email address 


Please tick if you do not wish to receive any 
promotional material from Imagine Publishing Ltd 
By post Bytelephone By email 


from other companies Bypost _ By telephone 





pirect |nstruction to your Bank or Originator’s reference : 


: Signature 


Please tick if you do not wish to receive any promotional material 


Please tick if you DO wish to receive such information by email 


WORKS | Subscription offer 


Pick the subscription that's right for you 


One year subscription 


V Great offers, available worldwide 
¥Y One payment, by card or cheque 


A simple one-off payment ensures you never miss 
an issue for one full year. That’s 13 issues, 
direct to your doorstep 


UK £51.90 (Saving 20% on the retail price) 


Europe £67.50 USA £67.50 Rest of the world £75 
Pay by card or cheque 
Pay by Credit or Debit card 
wsa Visa Mastercard eee Amex 


Card number 


Expiry date 
_ Pay by Cheque S Made payable to 
: |enclose a cheque for Future plc 
Date 


b(olulalalieaaatciiela 


Address 


Postcode 


Please post this form to 
How It Works Subscriptions, 800 Guillat Avenue, Kent Science Park, 
Sittingbourne, Kent ME9 8GU 


Order securely online www.imaginesubs.co.uk/hiw 
Enter the promo code PS717/2 to get these great offers 





\ Call 0844 815 5944 


Peeeeeeeaeaoaoeaeaeeaeaeaeaeeaeaeaeeoeeee © 
es. 
a 


= Speak to one of our friendly 
customer service team 


These offers will expire on 
Friday 30 June 2017 


Please quote code P$172 


Calls cost 7p per minute plus your telephone company’s access charge 


*This offer entitles new UK Direct Debit subscribers to pay only £26 every 6 issues. Offer code PS172 must be quoted to receive this special subscription price. New subscriptions will start from the next available 
issue. Details of the Direct Debit guarantee are available on request. Subscribers can cancel this subscription at any time. This offer expires 30th June 2017. 


Get in touch 


Want to see your ideas on this page? Send them to... 
fF) How It Works magazine © @HowltWorksmag 


© howitworks@futurenet.com 


HOW TO... 





Practical projects to try at home 









Build a water filter 


Purify your water at home with a filter made 
from rocks, sand and coal 
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Create the body Start filling Layer on layer 
First, cut right around the outside ofa large The aim here is to remove as much dirt and Next, add some larger gravel to your filter. Try 
plastic bottle, so that you have two separate debris from your dirty water as possible. Startby § tokeepthelayers evenand make sure the 


pieces - the top and the bottom. Take a big piece putting a one-centimetre layer of charcoal in the previous layer is completely covered by the next 
of cotton wool and press it into the hole at the lid bottom ofthe bottle to coverthe cotton wool,then one. Finally, top the filter off with some larger 
of the bottle to plug the opening. The fine fibresof |pouringinsomesand ontop ofthattocoverit.The stones, making sure thatthe gravelis totally 


the cotton wool will catch tiny particles of dirt layer should be around two centimetres thick. covered underneath. You should now be able to 
floating in your water. Place the top of the bottle Then, take some small pieces of gravel and pour see that the gaps between particles in each layer 
upside down into the bottom of the bottle. them on top of the sand to create another layer. decrease from top to bottom. 
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In summary... 

The gaps within the filter get smaller as the 
water trickles through it, and fewer 
particles can get through these gaps. By 





Make your mixture the time it reaches the bottom, the filter 

To test your filter, you will need some dirty Now you can pour your dirty water into the Jakskouoine)e)olciem-leeslescim-N0meel-nesbamey-bau lela 
water. Take a jug of water, pour in some soil and filter. The water contains particles of lots of leaving much cleaner water filtering out 
mix it around with a spoon. You'll notice that different sizes, and these will be stopped at id elcmolovaneveeme)muetcmolelad (ey 
some of the soil will dissolve in the water, while different points in the filtration process. The 
other bits will remain floating. Next, throwin stones should stop the leaves and grass, while 
some grass and leaves. These are the kinds of some soil will make it down further to the gravel Disclaimer: Neither Future Publishing nor its employees can accept liability 
things that you might find in river water so they or sand. The water left at the end will look much i al dic seine ches ra area 
will make your experiment more authentic. cleaner, but it’s still not safe to drink! working with electronics and follow the manufacturer’s instructions. 
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Make a dancing snake 


How does static electricity make objects stick together? 











Create your snake Cut and charge Make it dance 

To make your snake, take a large bowl and To finish off your snake, cut it out along the Static electricity will cause objects to attract to 
draw around it ona piece of tissue paper. For the lines you've just drawn. You can also draw some each other. In this case, the charge on the balloon, 
best results, use the thinnest tissue paper eyes and nostrils onthesnake,andevenattacha = whichyoucreated when you rubbed it on the 
available, picking whichever colour you want tongue made of red tissue paper to it to make it wool, will cause the snake to stick to the balloon. 
your snake to be. Now drawa spiral inside the look even more realistic. Now your snakeisready, Hold the charged balloon above the snake, and 
circle you've made, just like a coiled snake; this put it to one side and finda balloon. Blowitupand _thenslowlystart to move it downwards. When 
will form the body. Try to keep the bodywidththe — tiea knot init. Now you need to charge it with the balloon is around two centimetres from the 
same all the way around, and make the snake’s static electricity by rubbing it on something snake, the snake will start to move upwards 
head the centre of the coil. woollen - like a blanket - for around a minute. towards it. 


“The charge in the 
balloon causes the 
snoke to stick to It” 


Kitchen friendly Sticky notes 


Triby features a robust Messages, emoji and 
splash-proof and freestyle drawn doodles can 
dirt-proof design, and be sent to Triby via its 
strong magnetic back dedicated app and are 

| to attach to the fridge. displayed via the E-Ink display. 


VVIN: 





Using Amazon’s Alexa Voice Service, you can get Triby to play 
music, set alarms, relay the news and weather and control smart 
home devices using just your voice. Just say ‘Alexa’ and then your 

command, and Triby will respond. 


What is the name of the self-aware artificial 
intelligence system in the Terminator franchise? 


a) Spynet 
b) Pienet 
c) Skynet 
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© Illustrations by Ed Crooks 


A connected kitchen speaker worth £159 
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© Pexel; Thinkstock; Pixabay 


Get in touch 


Want to see your letters on this page? Send them to... 
 f How It Works magazine © @HowltWorksmag 


eak your mind 





© howitworks@futurenet.com 





Letter of the Month 


Hot topic 


® Dear HIW, 

| have been subscribing to your magazine for more 
than two years now and always look forward to 
the next issue. I’ve been wondering why your 
mouth doesn’t get burnt when you drink hot tea, 
but if you spill it on to your skin you get scolded? 
Hope you can answer this for me. If so, thank you! 
Chris Robinson, age 11 

P.S. Keep up the great work! 








Good question Chris! As you point out, 
liquids like tea and coffee would definitely 
scold our skin at these temperatures, so 
why can we still drink them? 

One reason is that while hot drinks are 
often prepared at temperatures between 
80 to 100 degrees Celsius, people tend to 
wait until the drink cools slightly. For 


example, in one study with coffee drinkers, 
the average temperature the participants 
preferred to start drinking was around 60 
degrees Celsius. However, this is still above 
the burn damage threshold. 

To investigate further, another study 
tested the temperature of coffee while it 
was in the mouth, using electronic sensors. 
The results suggested that duration of 
exposure was an important factor in why 
we seem to be able to withstand heat in 
our mouths better than on our skin. When 
it’s sipped or slurped, tea, coffee and other 
hot liquids aren’t held in the mouth long 
enough to cause tissue damage. It’s also 
thought that saliva provides an insulating 
coating, decreasing the risk of scolding 
sensitive tissue. 


What’s happening on... 


Twitter? 


Make sure you follow us 
@HowltWorksmag for 

rela ate V4] ae Mirc(o1 com exe) pa) e=1aiu(e) als) 
and the latest in science & tech! 


AGN elllrerelaNAeliare 
@HowltWorksmag | hope they name 
one #VenusVille? #TotalRekall 


¥Y @SarkaVobornikov 
HOW EXCITING!!! - Check out How It 
Works, Flying cars: the future is now 


just trying to think about the future are 
not be sad.” @elonmusk #TED2017 


¥ @neiltyson 

Evidence that Humans are smarter 
than Cats: We don’t chase Laser dots 
on the carpet. We’re not afraid of 
Vacuum Cleaners. 


¥Y @MarsCuriosity 
For the science, for the glory, and for 
the fun... mostly for the science. 


¥ @BillGates 

Vaccines reach more children than 
ever. If we set our sights high, we can 
give every child a shot at life. 
#VaccinesWork 


¥Y @ScienceMarchDC 

It’s been 1 week since we marched for 
science, & we're already turning the 
elise) a(ounare)an(-/a|me)m\0)¢| maa |aicone 
Ia)isie)a(omanre)’ccina(clalmm tele inalcle 
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The brewing temperature 
and tea is above our skin’s 
pain and damage thre 
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Empty space 

® Dear HIW, 

| love your magazine and | have a 
subscription so | never miss an issue. 

A couple of weeks ago | had a random 
thought: how much gas would planet 
Earth or multiple planets have to expel in 
order to fill space so that it was no longer 
a vacuum? 

Liam Cooper 





90 tons of matter leak out of the 
Earth’s atmosphere every day as the 
gas molecules escape our planet’s 
gravity. Known as atmospheric 
escape, this process happens on all 
of the planets in the Solar System 
that have atmospheres. This is only 
a tiny amount, though, and nowhere 
near enough to fill the entirety of 


The lunar cycle 
explained 


® Dear HIW, 

Why is it sometimes only possible to see 
part of the moon? 

Many thanks, 

Ffion Gomersall 





A lunar cycle lasts 29.5 days as the 
Moon completes a full orbit of the 
Earth. A new Moon is at the start of 
the cycle and occurs when the Moon 
is between the Earth and Sun, so we 
cannot see the side that is 


space - the observable universe 
alone is estimated to be 880 
sextillion kilometres wide (880 
followed by 21 zeroes!), and the 
entire cosmos may be infinite. Even 
if all the matter from every planet 
and star in existence was all ejected 
at once, it still wouldn’t be close to 
filling space! 





Mercury and Mars have mostly lost their 
atmospheres due to solar winds 


continues its orbit around the Earth, 
its position relative to the Sun 
changes, so different sections are 
illuminated from our point of view. 
First we see a slim crescent, then a 
half Moon, a gibbous Moon and 
finally a full Moon, where the Earth 
is between the Sun and Moon so the 
entire lunar face is illuminated. The 
phases are then reversed as the 
Moon goes from full to new again, 


each section lasting around 7.4 days. 


The Moon rotates on its own axis at 
roughly the same speed as Earth rotates 








Can we 

melt wood? 

> I Dear HIW, 

| have been reading your magazine for ten 
> months now. My favourite part is always 

: Letters of the Month. My question is: can 

> you turn wood into other states of matter 
: such as gas, liquid or plasma? If it’s 

> possible, how? If it is not possible, then 

: why not? 

> Thanks! 

: Jamil Yacoubou, age 12 


: Unlike other substances, such as 
H,0O, which can exist as ice, water or 
: vapour, the constituent molecules in 
> wood decompose rather than melt. 

: In a process called pyrolysis, the 

: material oxidises before it has the 

: chance to melt and the molecules 

: that make up wood change into 


: : ; : charcoal, water and carbon dioxide. 
illuminated by sunlight. As the Moon : While it would theoretically be 
: possible to melt wood under high 

> pressures (to lower the melting 

: point of carbon) no laboratories have 


attempted to do so yet. 


Wood's chemical composition changes 
: irreversibly when heated, so it can’t melt 
: under normal conditions 
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FAST FACTS 


Amazing trivia to blow your mind 
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DOGS HAVE OVER4O | 
TIMES MORESCENT | £382 B N COST TO BUILD 
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cats including tigers, lions, leopards and cheetahs. 








Enjoy face painting, BBQ, falconry display, 
bouncy castle, arts & crafts and stalls. 


11:00am - 5:00pm (Last entry 4:00pm) 
Weekdays £15.00 | Weekends £17.50 


. \ . Advanced booking only - book your 
place today by visiting our website 


The Big Cat Sanctuary, Headcorn Road, 
Smarden, Kent TN27 8PJ | 01233 771915 
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S| ir ’ Precis ion and Value 


Sky-Watcher is a First-Class telescope brand offering an incredible range of high-quality astronomical telescopes and 
accessories, catering for users of all age groups and abilities, from the novice right up to the serious advanced astronomer. 
Sky-Watcher astronomical telescopes perfectly integrate modern optical technology with precision mechanical engineering, 
resulting in designs of suberb functionality, versatility and uncompromising levels of performance. 


130mm (5.1") F/900 NEWTONIAN REFLECTOR TELESCOPES 


« Vlagnifications (with optics supplied): x36, x72, x90, x160 © Highest Practical Power (Potential): x260 «Diameter of Primary Mirror: 130mm 
« Telescope Focal Length: 900mm (f/6.92) * Eyepieces Supplied (7.25"): 10mm & 25mm «x2 Barlow Lens * 30% more Light Gathering than 114mm 
«8.4, Motor Drive With Multi-Speed Handset (Explorer-130M only) «Red Dot Finder » EQ? Equatorial Mount »* Aluminium Tripod with Accessory Tray 


PARABOLIC REFLECTORS — PREMIUM FEATURES 

Both the SKYHAWK-1145P & EXPLORER-130P models below offer excellent all-round performance on 
The Moon, Planets & Deep Sky Objects. They feature premium quality Parabolic Primary Mirrors to 
eliminate spherical aberrations, producing even sharper, higher-contrast images which are full of 
detail. A “Paraboloidal” mirror is ground to a complex shape which brings all incoming light rays to 
a perfect focus, on axis. In addition they feature 0.5mm Ultra-Thin secondary mirror supports, to reduce 
diffraction spikes and light loss. 


114mm (4.5") F/500 
PARABOLIC NEWTONIAN REFLECTOR TELESCOPE 


* Magnifications (with optics supplied): x20, x40, x50, x100 
* Highest Practical Power (Potential): x228 

° Diameter of Primary Mirror: 174mm 

* Telescope Focal Length: 500mm (f/5) 

* Eyepieces Supplied (1.25"): 10mm & 25mm 

* x2 Barlow Lens * Parabolic Primary Mirror 

«0.5mm Ultra-Thin secondary Mirror Supports 

« Red Dot Finder Prod.Code 10709 
* FQ) Equatorial Mount 

* Aluminium Tripod with Accessory Tray 
«125% more Light Gathering than /omm 
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‘The optics were so good... Captures star clusters and brighter 
nebulae heautitiily The planet (Saturn) was jaw-drappingly 
beautiful, with a host of fine detail visible... The review 
instrument certainly delivered in every important respect.” 
BBC Sky at Night Magazine 














EXPLORER-130 
(Without R.A. Motor Drive) 
Prod.Code 10922 


Explorer-130M 
Model illustrated 





130mm (5.1") F/650 PARABOLIC NEWTONIAN 
REFLECTOR TELESCOPE 


* Magnifications (with optics supplied): x26 & x65 
* Highest Practical Power (Potential): x260 
« Diameter of Primary Mirror: 130mm 
* Telescope Focal Length: 650mm (t/5) 
« Eyepieces Supplied (1.25"): 10mm & 25mm 
« Parabolic Primary Mirror 
«0.5mm Ultra-Thin Secondary Mirror Supports 
«Red Dot Finder * EQ? Equatorial Mount 
¢ Aluminium Tripod with Accessory Tray 
¥ * 30% more Light Gathering than 174mm 


EXPLORER-130M 
(With ALA. Motor Drive) 
Prod.Gode 10713 


Product 





ss ‘eyeny class of object we viewed could 
be seen clearly... Taking everything into 
| account, this telescope made observing 
% | the night sky enjoyable... great views 


mw | coupled with ease of use." 
| BBC Sky at Night Magazine 


Prod.Gode 10712 . 





COMPREHENSIVE COLOUR CATALOGUE with 
| S60 ony: Full Details of our EXTENSIVE PRODUCT RANGE 
‘I have used a great number of as well as Helpful Information & Advice 


‘Ortier Your FREE Copy Today 


telescopes; some are good, some 
mediocre and some bad, To me the 
oky-Watcher range of instruments 
a are very good indeed, & suited ta 
amateurs of all kinds - and they are 
not priced out of the market! 
Excellent value. EE: OO PUES 
5 Use them and enjoy them.” { amount of fine detail... Highly recommended!" 
Sir Patrick Moore CBE FRS (1923-2012) a Astronomy Now Magazine» 


_— 


Our Products are Available from Dealers throughout the UK ov, Please contact us, or Check our Website for your Nearest Stockist 


OPTICAL VISION LTD tel istributors of Skv- , 
| OPTICAL VISION LIMITED importers and Distributors of Sky Watcher 


UNIT 3, WOOLPIT BUSINESS PARK Astronomical Telescopes, Helios, Acuter, 





; thee : 3 F *, 
7 was most impressed by the views revealed by the ‘scope 
during tests... Despite a phase of nearly 96 percent, the 
waxing gibbous Moon revealed a seemingly inexhaustible 






WOOLPIT, BURY ST. EDMUNDS ANAT Ae) oLtTor- 1M At-j (ela more mel. Barr and Stroud Binoculars & Spotting Scopes 
SUFFOLK IP30 SUP TAWA elsiaeslalet-jagelelemere)ag and ‘Zenith’ Microscopes. 





